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The Batkbone of Cost Saving 


Dimensional Control 





if you are manufacturing mechanical elements, close dimensional control ‘will save you 
assembly time because accurately sized parts fit together quickly. Applied directly at the 
machine, proper gages save you scrap losses and much machine time. When all the 
elements of a mechanical assembly are held accurately within tolerance, that assembly 
gives superior performance in service. 

Around Sheffield instruments and gages have been developed some of the most effective 
dimensional quality control policies in the manufacturing field. Let us send you descriptive 
literature on cost saving equipment —it may lead to solving your inspection problems. 


THE PRECISIONAIRE is a flow type air THE VISUAL GAGE is an indicating 
comparator set by means of precision gage 
blocks for checking external dimensions, 
the angularity of surfaces, the angularity 


gage for measuring true and average 
diameter, bellmouth, out-of-round for 


through and blind holes—concentricity, 

9 NY between a bore and a surface, run-out, 
squoreness, straightness and parallelism and the pitch diameter of screw threads. 
—also many external dimensions. Write lt is both a production and a tool room 


instrument. Write for catalog. 





for catalog. 





















STANDARD GAGES 


Sheffield can supply any type 


of standard or fixed size gage 


U.S. A. 


and 1 wide ronge f ind ifor 


Dayton I, Ohio 





goeges for shop checking 











Sheffield's principal products include Gages, Measuring Instruments, Machine Tools, 
Contract Services and Threading Tools. Standard Gages shipped within 24 hours. 

















Statistical Quality Control Course 
The State University of lowa 
lowa City, lowa, October 28- 

November 7 


A ten-day intensive training 
course in Quality Control by Sta- 
tistical Methods will be offered by 
The State University of lowa at 
lowa City, October 28 to Novem- 
ber 7 inclusive. This will be an 
introductory (not an advanced) 
course which will follow the same 
general pattern of previous intro- 
ductory courses. 

Instruction will be by lecture, 
demonstration, laboratory work, 
and evening question and problem 
discussion sessions, with the em- 
phasis on practical interpretation 
throughout. 

The tuition fee of $100 per per- 
son includes all necessary instruc- 
tional materials. Room accommo- 
dations will be available at the 
Jefferson Hotel in lowa City. 
Further inquiries concerning _ this 
course should be addressed to: 
Professor Lloyd A. Knowler, Chair- 
man, Department of Mathematics 
and Astronomy, The State Univer- 
sity of lowa, lowa City, lowa. 


CONFERENCE PAPERS REPRINTED 
In order to supply the needs of 
the many persons who have not 
yet been able to secure a copy of 
the book Conference Papers, or 
who may want additional copies, 
arrangements have been made for 
reprinting 500 more copies. 

Sale of these additional 500 
books will be handled by the 
American Society through the office 
of its Treasurer at the regular price 
of $3.50 copy 
Send your order and remittance 
to: Alfred L 
Rochester institute of Technology, 
Rochester 8, N. Y. 


Conference Papers has 
widely accepted as a unique and 
interesting contribution to the liter- 
ature of statistical quality control 
It presents a cross-section coverage 
of current quality control theory 
and practice in a wide range of 
industrial applications, and deals 
with a variety of topics touching 
almost every phase of quality con- 
trol activity from top management 
down to the humblest beginner 


(post-paid) per 


Davis, Treasurer, 


been 
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QUALITY CONTROL 
IN THE CHEMICAL INDUSTRY 


IV: Statistical Methods in Plastics 
Research and Development 


W. L. GORE 


E. |. DU PONT DE NEMOURS AND COMPANY, INC. 


Modern statistical methods have 
become an important factor in all 
scientific work. This is not sur- 
prising since the philosophy of the 
statistical concept is identical with 
the philosophy of the scientific 
method, and the quantitative ap- 
plications of the scientific method 
involve an estimation of the prob- 
ability that a particular set of ob- 
servations is a result of chance fluc- 
tuations rather than the verification 
of an hypothesis held by the ex- 
perimenter. In these applications 
where an hypothesis is to be tested 
by experimental results, or where it 
is required to estimate a physical or 
chemical value (parameter) from 
experimental results, statistical 
mathematics quantifies the analysis 
of the data so that greater assur- 
ance can be attached to the con- 
clusions. 

In the field of experimental de- 
signs a background of statistical 
methods is of very great value. 
Poorly designed experiments (in 
the statistical sense) are the rule 
rather than the exception where 
non-statistical workers are dealing 
with multiple variable phenomena. 
The rule-of-thumb convention of 
holding everything constant at 
some fixed set of conditions and 
changing only one variable at a 
time is hopelessly inadequate in 
many, if not most, of these more 
complex problems. 

The use of statistical methods in 
plastics research and development 
has involved a diversified range of 
techniques with but little intensive 
use of any particular one (except 
fiducial limits of reliability with test 
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data). It is the purpose of this 
paper to describe a few such appli- 
cations rather than to enlarge upon 
the statistical principles involved. 


1. Toughness of Injection Molded 
Nylon 


The use of nylon (hexamethylene 
diamine adipamide, a super poly- 
amide) for the injection molding* 
of consumers’ items such as combs, 
tumblers, and gears is new within 
the last few years. Nylon, besides 
being hard, heat-resistant, rigid, 
and having good flow properties 
for injection molding, is particularly 
notable for its toughness. Tough- 
ness is measured by the area under 
a stress-strain curve in tensile or 
flexural stress testing. This tough 
ness is a result of the behavior of 


*Ir the injection molding process for the 


ubrication of molded artich a 
plastic material is melted or softened in a 
eated cylinder and ther injected into a 
mold by thrusting a piston into the cylinder 
The molds 


opened to remove the molding which sets on 


used are split so they may be easily 


Cooling Injection molding machine 
| 
tomatically operated, an 


mass prod action machine tor moide 


20 
10 
40 20 


30. 


nylon when it is stressed beyond its 
yield point. Most materials are 
brittle and break at their ultimate 
stress, but the very long molecules 
(comparatively) of nylon resist 
rupture at any particular point and 
slide over each other so that they 
become oriented or aligned along 
the axis of strain. Thus a nylon 
test piece will elongate a consider- 


able amount before breaking. 
However, it has been found that 
under particular conditions of 


molding, nylon is not consistently 
tough. Figure 1 shows a distribu- 
tion of percent elongation (at 
break) results of nylon test bors 
subjected to a tensile stress test. 
The results plotted on this chart 
indicate that there are two kinds of 
nylon bars tough bars and 
brittle bars. It was desired to study 
the causes of this erratic brittleness 
in nylon, and since the tensile stress 
test was slow and expensive, a 
simpler test was devised This 
test, called the mandrel bend test, 
consisted merely in bending a test 
bor 2 inch wide, 5 inches long, 
and Y% inch thick around a man- 








dre! inch in diameter lf there 
was a brittle spot in the portion 
of the bar stressed as it was bent 
around the mandrel, the bar would 
break. Each 5-inch test bar could 
be tested in five different spots. It 
was questioned whether the brittle- 
randomly distributed 
throughout a set of test bars molded 
under similar conditions from the 
batch of nylon molding 
powder, or if the brittleness was 
concentrated in particular test bars 
Accordingly, a test was made in 
which each of 280 bars was bent 
in five places, and a tabulation 
made as to whether the bar broke 
in 0, 1, 2, 3, 4 or 5 places. These 
results are shown in Table |. 


ness was 


same 


The expected number of bers in 
each classification was calculated 
from the binomial probability 
where 0.858 of the bends do not 
break and 0.142 of the bends re- 
A total of (280)(5) 


sult in breaks 


1400 bends were made. Of 
these, (0) (157) + (1) (169) + (2) (35) 
(3)(17) (4)(1) (1)(1) 199 


bends produced breaks. On the 
hypothesis that each place a bend 
is made is equally likely to produce 
a break, the observed probability 
that a bend will produce a break 
is 199. 1400 142. Therefore, the 
third column of Table | shows, to 
the nearest tenth, the terms of 


280(.858 + .142) 


Each entry in the last column is 
calculated from the relation: 


(divergence from expected 
frequency) 
(expected frequency) 
Thus, the first value in the table is: 


(157 130.2), 130.2--5.5. 


The chi-square value required 
for testing the probability of the 
agreement between the observed 
and expected frequencies shown in 
Table | is obtained by adding the 
entries in the last column of the 
table. Small frequencies are not 
reliable in making chi-square tests. 
lt is customary in such cases to 
lump together these small frequen- 
cies so as to have all cell frequen- 
cies 5 or greater. Accordingly, the 
last three cell frequencies are com- 
bined as shown in the table. Al- 
though chi-square is the sum of four 
numbers, an independent choice of 
only three of them is possible, since 
knowing the total frequency (280) 
and the total chi-square, any one 
of the four chi-square components 
can be calculated if the values of 


Table 


Breaks Number 
Per Bar of Bars 
0 157 
] 69 
2 35 
3 17 j 
4 1 |. 
5 1 \ 


the other three are given.* It is 
conventional to describe this re- 
striction by saying that the chi- 
square here is based on “three de- 
grees of freedom.” Reference to 
a table of chi-square probability 
integrals shows that a value of 
44.2 with three degrees of freedom 
can be expected to occur by chance 
less than once in a million times.** 
Such an improbable value makes 
untenable the hypothesis that the 
brittle spots are distributed ran- 
domly. 


This finding had two important 
aspects. One is a characterization 
of the brittleness phenomena. 
Brittle material is injected into the 
moldings in slugs, so that occasion- 
ally a molding will have a high 
concentration of brittle material. 
The other result of the finding was 
to re-evaluate the precision of man- 
drel bend tests. If twenty bars 
were tested in five places on each 
bar, previous practice had been to 
rate the precision of the percent 
of tough bends as based on 100 
independent trials 
(sigma 100\/pq_ N %, where p 
fraction of bends which are tough 
andq-1—p). Since such tests are 
biased, owing to the fact that a bar 
which breaks in one place is likely 
to break in other places, it was 
necessary to classify test bars as 
tough or brittle rather than to class- 
ify bends as tough or brittle. Any 
break within the five bends made 
on a bar classified that bar as 
brittle. Thus 100 bars must be 
tested to give a precision equiva- 
lent to that which had been ex- 
pected originally from 20 bars. A 
portion of this loss was regained 


*Ic may also be argued that, since the frac 
tion breaking 142) of the 1900 tests was 
used in calculating the expected frequen 
cies, the degrees of freedom are reduced to 2 
Table for Statisticians and Biometricians by 


Pearson 


Expected Number Value of 
of Bars With Difference for 
Random Brittleness Chi-square 
130.2 5.5 
107.7 13.9 
35.7 0.0 
5.9 | 
0.5 - 24.8 
0.0 | 
Total 44.2 


(with three degrees of freedom) 


when testing a brittleness concen- 
tration below that of the material 
tested for Table | because of the 
greater statistical efficiency due to 
the increased severity of the bar 
toughness rating as compared to 
the bend toughness rating. 

Having developed a method of 
measurement for the occurrence of 
brittleness in nylon moldings, it 
was a straightforward problem to 
evaluate the effect of injection 
molding variables on brittleness. 
Factorial experiments were de- 
signed and carried out, the data 
were analyzed by analysis of var- 
iance and partial regression tech- 
niques, and the following conclu- 
sions were reached. 

1. Subjecting nylon to high tem- 

peratures for long periods 


causes chemical reactions 
(possibly the formation of 
branched chain molecules) 


which produce a brittle ma- 
terial. Therefore, injection 
molding of nylon should be 
carried out with short heating 
cycles, at low temperatures, 
and with a minimum amount 
of material held up in the in- 
jection cylinder. 

2. The toughness of nylon mold- 
ings is increased if the molten 
material is quenched by in- 
jecting it into a cold mold. 
This effect is believed to be 
due to the formation of few- 
er crystalline bonds when 
nylon is cooled quickly than 
when it is cooled slowly. 
Crystalline bonds inhibit the 
movement of molecules rela- 
tive to each other. 

One of the unit experiments on 
toughness effects is shown in Table 
ll. The analysis of such data did 
not follow conventional analysis of 
variance procedures, since chi- 
square tests rather than “F” tests 
were used. Contingency tables 
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were made up by combining values 
im a scheme similar to that em- 
ployed in analysis of variance tech- 
niques. Interactions were tested on 
the hypothesis of no interaction by 
accumulating the chi-square di- 
vergences of each test from the 
expected value obtained by cor- 
recting it for interaction. The de- 
tails of the calculations are de- 
scribed in what follows. 

For injection temperature and in- 
jection cycle variables, Table II can 
be condensed as shown in Table 
I-A. 

To test for significance, these 
totals are set up in a contingency 
table. * 

On the hypothesis of no effect 
of cycle, the estimate of the num- 
ber brittle when 400 are tested is 
(254 800)(400)— 127, and the esti- 
mate of the number tough is 400 
127-273. These expected fre- 
quencies on the basis of the “null” 
hypothesis are shown in parenthe- 
ses in the above table. The chi- 
square value is obtained from these 
differences between the observed 
frequencies in the four cells and 
those calculated on the hypothesis 


of no cycle effect. Thus 
chi-square —(127-77)- 127 
+. (127-177)* 127 +-(273-323)* (273 
+ (273-223)° 273 —30.3 


This chi-square value was derived 
from only one degree of freedom 
(the difference between 30-second 
and 90-second cycles). The one per- 
cent value of chi-square with one 
degree of freedom is 6.6 and, since 
this value is exceeded by the test, 
the probability that the toughness 
of the molded nylon bars is not 
affected by the injection cycle is 
too small (less than 0.01) to make 
such an assertion tenable; it is 
more reasonable to accept instead 
the hypothesis that the injection 
cycle does effect the toughness. 

A similar calculation between 
the 450 F injection temperature 
(353 400 tough) and the 530 F 
injection temperature (223 400 
tough) gives a chi-square of 104 
which similarly indicates a signifi- 
cant effect of injection temperature 
on the toughness of nylon mold- 
ings. 

The interaction effect of injection 
temperature-cycle can also be cal- 
culated. These calculations are 
shown in the interaction residuals 
table on this page. 


See Statistical Methods for Research Work 
by R A. Fisher page 8&3 
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TABLE II 
Toughness of Injection Molded Type 2* Nylon Bars 
Injection Temperature 


— 450 F 530 F 
Injection 
Cycle 45 F Mold 250 F Mold 45 F Mold 250 F Mold 
30 sec. 90 tough 75 tough 48 tough 40 tough 
100 100 100 100 
90 sec. 98 tough 90 tough 70 tough 65 tough 
100 100 100 100 


*This type of nylon was found to be unsuitable for use in injection 
molding. 








TABLE II-A 
Injection Temperature 
Injection 
Cycle 450 F 530 F Totals 
a. b. 
188 135 323 
adees 200 200 400 
€, d. 
90 oe. —ae 253 
_ 200 200 400 
353 223 576 
Totals 400 400 400 
Effect of injection cycle: 
30 sec: a + b-- 323 400; 90sec:c -d 253 400 
CONTINGENCY TABLE 
No. Brittle No. Tough Total 
RG. GOIID: cscrecncseee 77 (127) 323 (273) 400 
90 sec. cycle ............ 177 (127) 223 (273) 400 
, ee 254 546 800 
INTERACTION RESIDUALS 
cell a 188,/200--353 400-323, 400 + 576 800 6 200 
cell b 135 200-223 400-323 400 + 576 800 6 200 
cell c 165 200-353 400-253 400 + 576 800 6, 200 
cell d 88 200-223 400-253 400 + 576 800 6 200 
On the hypothesis of no inter- The chi-square value is now cal 
action, these residuals should be culated: 
zero. However, this hypothesis chi-square —- (188-194) 194 
can not be tested, because any +. (135-129) (129 + (165-159)°, 159 
interaction residual whatsoever (88-94)° (94 1.07 
would be significant. However, This is not significant with the 
the frequencies in the a, b, c, and one degree of freedom available 
d cells of Table Il-A may be cor- for the test. (There are three dif 
rected for the interaction residuals, ferences between the four values 
which gives the following contin- in the table. One difference is dus 
gency table where the frequencies to injection temperature, one to | 


jection cycle, and one to interaction 
of temperature-cycle 


corrected for interaction are given 
in parentheses. 


NUMBER OF TOUGH BARS OUT OF 200 


Injection Temperature 


Injection 

Cycle 450 F 530 | 
BO OBE. cove. 188 (194) 135 (129 
ES cavncscdndestecnsabuses 165 (159) 88 (94 





The complete analysis of Table Ii yields the following summary: 


a table of normal integrals corres- 
ponding to the fraction of breaks 


Degrees of Variable Th 
Source of Variation chi-square Freedom Effect observed at height of drop, X. e 
| 7 ’ Sianifi validity of the assumptions is 
M/ECHION PEMPEFAtUFe .............eeerereeee: 104. ignificant largely dependent upon the height 
UIIIIIIIEI GND cnccesntunensevsbinnstaonibenbentnnssces 30.3 1 Significant ' 
Mold temperature ..... sephaipbishinheosansenes 8.0 1 Significant of test being close to the 50 per- 
Inj. temp.—cycle interaction ................ 1.0 1 Not significant cent height (within the 30-70 per- 
Inj. temp.—mold temp. interaction 0.2 1 Not significant cent break range). If the test is 
Cycle-mold temp.—inj. temp interaction 0.03 1 Not significant made at very nearly the height 


ll. Safety Glass Testing 


The standard procedure for test- 
ing safety glass consists in drop- 
ping a half-pound iron ball from 
various heights so that it strikes the 


The “average height” of drops 
and standard deviation in critical 
heights to break the sheets have 
been calculated from these data by 
forming a distribution where the 
change in fraction breaking be- 


giving 50 percent breaks, the two- 

sigma reliability of the average 

height is given by: 

+ Qor— + [2(1.25)a] /\ N 
+14.0/\/N, 

where N is the number of plates 


center of a 12-inch square of safety tween two heights is considered to tested. The standard error of X is 
glass supported at the edges by a be centered about the midpoint of given by: 6, —(0/Z)\/pq N, where 


frame. if the ball is not stopped 
by the safety glass sandwich, the 
test is rated a break or failure, 
while a= glass-plastic sandwich 
which stops the ball is rated as a 
non-break or success even though 
the glass portion of the sandwich 
is always shattered by the impact. 
Earlier procedure had involved 
varying the height of drop and es- 
timating roughly the height of drop 


the two heights.* It was decided 
that the standard deviation from a 
series of such tests was representa- 
tive of all safety glass drop tests 
and that the value was sufficiently 
precise for use in calculating the av- 
erage height from a test at some 
chosen height close to the height 
giving 50 percent breaks. 


This calculation involved a probit 


« is the population standard de- 
viation, N is the number of units 
tested, Z is the ordinate of the 
normal curve at the probit value of 
the point where the test is per- 
formed, and p—1—dq is the frac- 
tion of the units tested which fail. 
If the test is performed at the x, 


or 50% break point, p=q-=.5, 


giving 50 percent breaks. The re- transformation** and assumed the Z—.399, and the standard error of 
sults: of such tests were used for distribution of breaks versus height X is: 

quality acceptance and as a guide of drop to be normal. The formula -__ (6 .399)\.5).5) N 

for process variable effects such used was XK—X—ot, where X is oe 7 VA-9K-9) 

as type and concentration of plas- (1.256) \/N. 


ticizer in the resin placed between 
the two sheets of glass. In order 
to obtain a more quantitative esti- 
mate of the average height of drop 


the average height, o is 5.6 feet 
(the “pooled” o from the series of 
tests), and t is the probit value in 


The foregoing results were in- 
corporated into a graph for com- 


puting the 50 percent, or average 








. P . The statistica aspect of this type of data 
a Cen me hee _ is discussed in a paper entitled “On the height, and a tabulation was made 
ing 50 percent breaks), a “run Statistics of Sensitivity Data,” by B. Ep tw aE 
down” test was made by success- stein and C. W. Churchman, ANNALS O} for determining the precision for 
ively testing 40 sheets at 3-foot in- mene HH. STATISTICS, Vel. XV, Maret the number of safety glass sheets 
tervals of drop height, covering the | tested. Control charts were then 
range from the height of drop In making probit transtorm n. the set up for routine production test- 
where all 40 sheets tested were value of t in a table of areas under the ‘ : 
broken to the height where none permal curve is Cuermines which corre ing, and experimental develop- 
monds to the area or raction in the body : 
of the 40 sheets broke. These data ” = wh = ag eas 0.30 is het ments are now evaluated by this 
ore tabulated in Table Hh. formed to at or probit value of 0.( revised procedure. 
TABLE Ill 
Number f d 
Height of Fraction Interval Change in Dev. from 
of drop Sheets Breaking Midpoint Fraction Assumed fd fd 
Tested Breaking Mean 

11 ft 40 .00 10 3 .30 + .90 

14 ft. 40 10 12.5 ft 5 2 .30 + .60 

17 ft 40 25 15.5 ft. .20 1 .20 .20 

20 ft 40 45 18.5 ft. 35 0 0 0 

23 ft 40 70 21.5 ft 20 1 .20 - .20 

26 ft 40 90 24.5 ft. 10 +2 .20 .40 

29 ft. 40 1.00 27.5 ft Std 40 td 2 30 

X=Xo +cLfd—21.5+ 3(—.40)—20.3 ft. 
6, ey Ltd? —(Lfd)- — 3\/2.30—(—.40)- — 4.40 ft. 
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On Simple Correlation’ 


H. J. O'CONNOR 


DEVELOPMENT DIVISION, UNION CARBIDE & CARBON RESEARCH LABS., INC. 


In “The Grammar of Science” 
Karl Pearson says, “The scientific 
method . . . consists in the careful 
and laborious classification of 
facts, in the comparison of their 
relationship and sequences, and 
finally in the discovery, by the aid 
of disciplined imagination, of a 
brief statement or formula, which 
in a few words resumes a wide 
range of facts. Such a formula 

. is termed a scientific law.” 

Statistical techniques offer a tool 
that aids in the discovery and 
measurement of these quantitative 
relationships. This tool is called 
correlation. It is generally agreed 
that correlation is a large topic. 
Hence, in this discussion, we shall 
only skirmish the idea, restricting 
ourselves to the philosophy of the 
easiest but important case of simple 
linear correlation. Indeed, we shall 
be easy on ourselves by selecting 
examples that require short calcu- 
lations. 

We shall begin with a brief sta- 
tistical review which is important 
for what we shall have to say in 
the sequel. We might call it “a 
bit of the sampling problem.” We 
review this topic in order to keep 
from becoming merely manipula- 
tive and perhaps somewhat ridicu- 
lous 

The fundamental notion in sta- 
tistical theory is that of the total 


Theoretically, many populations 
may be considered as if they had 
an infinite number of members. In 
any case, unless we have all the 
members of a population on hand, 
we must consider the data to be 
but a sample from the, population. 
Whatever observations we make, 
therefore, are made on a sample. 
An important part of statistical sci- 
ence consists of attempting to draw 
valid inferences about a given 
pepulation from information sup- 
plied by samples from this uni- 
verse. 

Most of us have had some ex- 
perience with the behavior of 
samples. Consider, for instance, 
the average and standard devia- 
tion. Suppose we have on hand 
a normal population with average 
20 and standard deviation 2. Take 
a random sample from this popula- 
tion and let X; and «, be the aver- 
age and standard deviation of the 
sample. We know from experi- 
ence that the chances of X, equal- 
ing 20 and o,; equaling 2 are small, 
and that as sample size increases, 
the probability of deviations from 
these expected values by more 
than a _ negligible amount de- 
creases. The variations of the 
values of sample statistics (X; and 
6,) from the population values (20 


and 2) are called sampling fluctu- 
ations. We expect and allow for 
these variations in control chart 
work when we place 
lower limits on the 
sample averages and standard de 
viations. When a point goes out 
of limits on the chart we describe 
it as “out of control,” meaning that 
the variation in the sample is too 
great for us to accept the thesis 
that it came from the original pop 
ulation. Let us now proceed with 
this philosophy in mind 


upper and 
values’ of 


Consider an example. A metal 
lurgist has nine steel bars. The 
carbon content of these bars ranges 
from .07% to .13%. Statistically, 
this means that he has on hand a 
sample of size nine from a theo 
retically infinite population of such 
steel bars. The metallurgist subjects 
these steels to three physical tests 
which we shall designate as Test 
1, Test 2, and Test 3. Table | gives 
a tabulation of his results, with the 
percent carbon arranged in order 
of size to facilitate a preliminary 
visual survey of the data 


The metallurgist would like to 
answers two questions: (1) Are the 
values for the physical tests sig 
nificantly affected by the carbon 
content of the steels (is there sig 
nificant correlation?) (2) Might it 


Table | 


aggregate . the population, or x y y y 
universe. This term designates any ne T ' “2 Te 
collection of measurements under ecb ost on ost 
consideration; for example, Carbon | 2 3 
. .07 46.5 68.4 62.8 
(1) the population of the heights of 09 54.1 78.4 73.5 
on mony 09 50.0 72.4 68.7 
(2) the population of the percent 10 53.4 77.4 73.5 
carbon of all steel of a certain 10 53.8 77.) 72.7 
grade; 10 50.1 74.2 69.9 
(3) the population of al! corres- VW 54.4 76.2 71.6 
pondences of heights of fathers 12 52.7 78.9 5.9 
versus the heights of sons; 13 51.5 73.9 71.6 
(4) the population of all corres- N 9 9 9 9 
pondences of amount of money Sum 91 466.5 676.9 640.2 
earned versus the amount of Average 1011 51.8333 75.2111 71.1333 
money paid in income tax Sum of Squares 0945 24233.97 51000.55 45653.26 
G 0167 2.4438 3.1651 3.5550 
‘ ExY) N— XY 5.261889 7.631889 7.322889 
=e r 53 53 + .70 
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be possible to predict the value for which is xt the st lard deviation of the 
a test from the carbon content of Y ai bx difference: between _ the actual 
, ; Sea eelectn ail * » anti 
the steel? with a and b calculated from the plotted valu of Y and the est 
ator wis « / Ti rnesammbe . 
He looks at the data and shows two equations ated valu 3 ; number he 
, _—ve » feele aets from the formula 
no great joy However, he feels No | b(SX vy 3 
that because the data cost money a(S X bis x S XY . S oT 
and time he will subject them to } 
whnere he re 
some objective test. He plots the N ' ' w 
? > " te Ss ™ 
data as shown in Figure ] we humus © nee, 0 the standard error of esti- 
~X-—the sum of the X-values, mate 


Applying simple linear corre 
lation to these data, he proceeds 
by assuming that if any relation 
ship exists between Y and X it will 
be represented by a straight line 
Now any sloping straight lire he 
to draw 


data will have an equation of the 


happens through inese 


form 
Ya bX 
where 
a Y intercept 
and 
b slope of the line 
Figure 2 illustrates these concepts 
FIGURE 2 
Tt 






foot in 
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He can draw a line through the 
data in many ways; for instance, 
he may do it by “jockeying” a 
transparent ruler until he thinks he 
has it,” or he may use some form- 
uvlas to calculate the values of a 
and b. Here the statisticians have 
come to his aid; they say that the 
line to put through these points is 
the “line of regression of Y on X”, 
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YY-—the sum of the Y-values 
>xX the sum of the squares of 
X-values, 


=XY--the sum of the 
X times Y 


products, 


The values of a and b thus ob 


tained are the ones that result 
when the sum of the squares of the 
vertical distances from the plotted 
data to the line is minimized. The 
line determined by this method is 


often called “the line of best fit 
The metallurgist now has straight 
lines which he can draw on the 
graphs 
hoot”, but if they are, he can use 
them to estimate the values for the 


They may not be “worth a 


tests from the percent carbon in 


the steel. The usefulness of a line 
of regression for prediction pur- 
poses depends upon whether or not 
the metallurgist is satisfied with 
such predictions. Of course he will 
be happier the higher the value of 
r, which will be explained pres 
ently. 

Now the question is: “How much 
does the observed value of Y, for 
a given value of X, deviate from 
the value of Y calculated by means 
of the regression equation? It is 
only reasonable to expect that 
there will exist deviations between 
observed and computed values, the 
extent of the deviations depending 
upon the particular data. The 


metallurgist will therefore calculate 








Y observed value of Y as plotted, 


Y value of Y estimated from the 
line of regression, 
N number of items 


Figure 3 illustrates the deviations 


we have been considering. For any 
timates Y by 


There is 


X the metalluraist 

reading Y, from the | 
in doing this. To 
get a measure of this error he sub 
tracts each estimated Y, (i.e. the 
value of Y,) from the actual plotted 
Y These d fferences are 
deviations o estimated values 


He then finds 


dard deviation of these er 


a certain error 


then, the 


from actual value: 
the stc 
rors, which is the number Gy., i.e., 
the standard error of estimate 
This standard error gives him an 
average measure of how far the 


| 


actual values of Y tend to fall 


away from the line He can then 
draw about the regr on line loa, 
26, and 30 bands, a: »wn in Fig 


4, where each means 


We are now prepared to intro 
duce a handy number called the 
correlation coefficient, designated 
by the letter r In port of whct 
follows t will be convenient to 
use a number called the variance, 
o-, which is the square of a stand 
ard deviation 


Up to this point the problem has 
been to see if any correlation ex- 
ists between Y and X. Whether Y 
is related to X or not, its set of 
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FIGURE 3 variability that X‘s variability does 
; ; not account for. It is given by 
i i ! | i i Pte . 
SESE Seles uoe eee reece, Seb tee ree eet eve cst nee Set tert soe oe pes eel SO es dys? = Z(¥—Y,)*/N 
| 7 i : } i a8 | which is the square of our old 
i | ' } } see friend, the standard error of esti 
SSSSS COTES FUSES FUSSS COTES TSTSS FSSTS OSES! SES SE TELTL CEESS FUSE LOSES CUSED LSEUS Sem : ~-+- ) ee eee as Cucst Use . 
| | Ye sale | mate. (See Fig. 3). We note again 
; i t t t t | that o variance of deviations 
peace sens | SeSee SSeks SSEee FSS 2c ses Ssst } 3 SSeS of actual Y‘’s from estimated Y's 
t | 














i | We observe also that this measures 
| the variance that Y has beyond any 
IGss S205 tenet S326: ‘cons sears cates soae: t amount that can be assigned to X 
; ‘ 
| + It can be verified that 
—l— -_ _- —> —- 4 
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unexplained.” 
GOURC 4 The relationship can be charac 


; terized pictorially as in Figure 7 





oatdbeEe Seder (Glee sedot rts loves eset saest Now, let us consider the quantity 


r- 0 f 


! 
; 
poss bowen Suave Cones meet somes 


i.e., that part of Y’s variance due to 





SS Ss en 


its correlation with X, divided by 
the total Y-variance; or, r° is the 
proportion of the total Y-variance 
that can be blamed on X It is 
called the coefficient of determi 
nation We note that r- cannot be 

















greater than 1. The square root of 
r-, namely r, is called the correla 
—__j.j tion coefficient If all the points 


lie on a straight line, r is equal to 








1 or 1, and conversely 





t+ 
| 
tT ] The preceding discussion has not 








involved very much numerical 








work The reason for this is that 








the regression equation and corre 
lation coefficient are not generally 





expressed in the above forms. They 


are quite often expressed as fol 
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Sin Se 3 i Figure 6 pictures these deviations 
=. t We note that « variance of de 
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Correlation coefficient 


Standard error of estimate 
] r 
All the symbols here have been 


previously explained 

In the early part of our discus 
sion we said we would not forget 
that any data we might hove is but 
a sample from a population con 
infinite number of 
We agreed to be on 
the alert for sampling fluctuations 


sisting of an 


suc h things 


Let us try to make this situation 
more precise 
(1) Theoretically, at least, we 


have a population consisting of an 


infinite number of sets of corres 
ponding values of Y and X 

(2 This population has some 
correlation coefficient, but we don’t 
know what it is However, call 
it oO (Greek letter “rho” 

(3) We take a sample from 
the population We calculate the 


this 


cannot expect this r 


correlation coefficient, r, of 
sample We 
to be equal to 0, any more than we 
can expect the average and stand 
ard deviation of samples to be 
equal to the average and standard 
deviation of the population 

(4) We expect 
the correlation coefficients of sam 
pattern of 


may, however, 


display some 
average behavior just as we know 
that averages and standard devia 


ples to 


tions of samples do (recall the lim 
its set on control charts) 

5) We shall not go into the gen 
eral problem of the behavior of 
correlation coefficients of samples, 
but we do seek some kind of an 
swer to two questions, 
which we shall discuss under A and 
B as 

(A) Consider the 
the population correlation coeffici 
ent is zero. How do the correlation 
coefficients of samples from this 
population behave? Shewhart in 
his “Economic Control of Quality of 
Manufactured Products” records an 
experiment in which eight samples 
of size drawn from a 
population whose correlation coef 
zero 


important 


follows 


case where 


five were 


ficient, 0, was known to be 


Here are the sample values of r 


he obtained: 82 60, 21, 

04, 23, 30, 42, 76 
This really gives one meat for 
thought! Our first question is, 
therefore, “Given a sample with 


correlation coefficient r, how does 


FIGURE 7 
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one know if there is any correla- 
tion at all in the population from 
which the sample was taken?” 
Statisticians have helped us here 
The question can be answered by 
reference to a table or, in case the 
sample is of size N50, to a short 
formula. Table Il provides for 
sample sizes from three to fifteen 
(A much more complete table is 
available in Fisher's ‘Statistical 
Method For Research Workers”, and 
should be used in actual practice 


Table Il 

Sample 

Size P 05 P 01 
3 997 9999 
4 95 99 
5 88 96 
6 81 92 
7 75 87 
8 71 83 
9 67 80 
10 63 76 
11 60 73 
12 58 71 
13 53 68 
14 53 66 
15 51 64 


Consider this table. For a sample 
of size five, and under P 05, we 
read the value .88. What does this 
mean? Precisely the following: if 
the population correlation coeffici- 
ent is zero, and if random samples 
of size five are drawn indefinitely 
from this population, then, in the 
long run, we may expect about 5% 
of these samples to show correla- 
tion coefficients greater in numer- 
ical value than .88. Now, if an 
observed sample of size five has a 
correlation coefficient greater in 
numerical value than .88, and if the 

5% risk” is small enough for our 
purposes, then we may say that it 
is quite probable that the sample 





came from a population having a 
non-zero correlation coefficient. If 
we feel that a 5% risk is too great, 
we may resort to the 1% risk and 
use the value .96 from the table 
Thus we see that the correlation co- 
efficients from the experiment men- 
tioned above in Shewhart show 
nothing abnormal, and indeed 
could well have come from a papu- 
lation with correlation coefficient, 
0, equal to zero. 


In case the size of the sample is 
N50 we can use the expression 
1.96 N—1 for the 5% risk and 


2.56 \/N—1 for the 1% risk, which 
is the “short formula” referred to 


earlier 
Now, let us return to our original 


problem: physical tests vs. carbon 
in the steel. We recall that Test 1 


vs. percent carbon shows a cor 
relation coefficient of r 53 
With a sample size of nine, and 


under P--.05 in Table Il, the cri- 
tical value is .67. But .53 is not 
equal to, nor greater than, 67 
Therefore, on the basis of this 
sample we cannot assume that 
there is any correlation in the pop- 
ulation from which this sample was 
drawn. In other words, it is indi- 
cated that Test 1 and percent car 
bon are not linearly correlated, and 
in making this statement we are 
dperating at the 5% risk level. How- 
ever, if the sample was of size 14 
instead of nine, the critical value 
in the table would be .53, and we 
would say that it is quite probable 
that there is correlation between 
Test 1 and carbon. The 
size of the sample is thus a very 
important factor 
For Test 2 vs 
have the same situation 


percent 


percent carbon we 
For Test 
carbon, however 


3 vs. percert we 


have r-—.70, and hence we may 
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say that it is quite probable that 
Test 3 has some correlation with 
percent carbon. This does not 
mean that the population corre- 
lation coefficient is high nor does 
it mean that it is low—the test only 
indicates that it is quite probable 
that there is some correlation in the 
population consisting of the values 
of Test 3 vs. percent carbon. 

We are now ready to pose our 
second question. 

(B) In the foregoing we have 
seen that it is indicated statistically 
that Test 3 vs. percent carbon are 
correlated, but to what degree we 
do not know. True, the sample of 
size nine shows a correlation coef- 
ficient of r—.70, but it would be 
folly to expect that the population 
correlation coefficient, 0, is .70. 
Indeed, 0 may be greater than .70. 

Now a fair question is this: “By 
reason of the knowledge of the cor- 
relation coefficient in this sample, 
can we compute a lower and upper 
limit such that the population cor- 
relation coefficient, 0, lies in this 
range?” The answer is “No.” Can 
we calculate limits such that the 
probability is, say .95, that o will 
lie in the range? No, we cannot, 
for such a question has no mean- 
ing... 0 either lies in the range 
(in which case the probability is 
one) or it does not (in which case 
the probability is zero). 

What can we do? Given the 
sample correlation coefficient, r, 
we can calculate a lower and up- 
per limit at some stated probabil- 
ity level, say .95, and we can think 
of the population correlation co- 
efficient, 0, as lying in this range, 
if we remember that what is really 


meant by the “.95” is that in a 
large number of such samples we 
may expect 95% of the ranges so 
calculated to contain the popula- 
tion correlation coefficient 0; that 
is, if in any given case we conclude 
that 0 lies in the calculated range, 
we should expect to be right about 
95 times in 100. This range is 
called a confidence interval for » 
and the “.95” is called the confi- 
dence coefficient. 

The following method for com- 
puting these limits is due to R. A. 
Fisher. We shall illustrate it for 
the case of the Test 3 vs. percent 
carbon correlation. Fisher considers 
the transformation of r to a new 
variable Z, by means of 

Z-— Yalog..[(1 +r) (1—r)] 
or 

Z— 1.15129 login [(1 +r) (—r)] 
or 

Z--tanh°'r, 
all three of which are equivalent. 
He showed that the distribution of 
Zis practically normal, with a 
standard deviation 

o7—1/\/N—3, 
where N is the size of the sample. 
Thus, to determine a confidence in- 
terval for vu, we first determine a 
confidence interval for Z, and 
transform back. 

In the Test 3 data we had r--.70. 
This yields a Z of about .87. Now 
a symmetrical 95% confidence in- 
terval for Z is (according to normal 
theory) 


Z+1.9662, 
or, in the case at hand, 
87+ 1.96 /\/9-3 
This gives Z-values equal to .07 


and 1.67. Transforming back to 


correlation coefficients, we find 
that the confidence interval for o 
is from about .07 to .93, with a 
confidence coefficient of .95 

At once we say, “From .07 to .93 
is a lot of territory our knowl 
edge is not very definite This is 
indeed correct! If we want to nar 
row the confidence interval we wil 
need to use a larger sample; e.g 
r= .70 in a sample size of, say 67 
yields a confidence interval fron 
about .55 to .81 All of 
merely emphasizes the desirability 
of obtaining as large a sample as 
is practicable. 


which 


Let us stop here; much, very 
much has been left unsaid, but 
perhaps this little discussion will en 
courage further search for more of 
the “whole story.” We 
clude with three general comments 
(1) The business of 
tionship between Y and X is 
sometimes a matter of belief 
. does Y cause X or does X 
Practically, we plot 
“cause” horizontally, call it X, 
and find the regression of Y on 
X, and we try to decide this on 
scientific grounds 


shall con 


causal rela 


cause Y? 


(2) A correlation between two var 
iables may be due to a third 
cause For instance, the value 
of the physical test may be due 
to the percent manganese in 
the steel and at the same time 
the percent carbon may be due 
to the manganese; i.e., the rela 

tion of the physical test and the 

percent carbon may be due to 
the one cause, the manganese 
content 

Finally, the correlation may be 

an out-and-out accident 


Ww 


Quality Control in Relation to Time-Study 


We feel that one of our best ap- 
plications of quality control by sta- 
tistical methods at Robertshaw’s 
is our tie-in with the Time-Study 
Department. Nearly every repe- 
titive job in our plant is timed and 


put on an incentive basis. Natur 
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ally, this promotes quantity pro- 
duction, but along with this we 
want quality production, and the 
answer to this is statistical analysis 
of each process. 

On any new job that is put in 
any of the production departments, 


a request is sent by the production 
foreman to the Time-Study Depart 
ment, asking for a time study, so 
that a piece-work rate can be ap 
plied. The Time-Study Department 
requests a Quality Control study, 
in order to determine whether the 
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job is ready for timing. We then 
make an eight (8) hour study on 
each shift, either variable or per- 
cent defective, to determine wheth- 
er the job is running in control, and 
if so, whether it is meeting Engi- 
neering specifications. (The job can- 
not be timed until passed by Qual- 
ity Control). If the job is satisfactory 
we notify the Time-Study Depart- 
ment so it can proceed with the 
time-study. We also make a quality 
control check during the time-study 
so that we can have a permanent 
record of the quality produced dur 
ing time-study. If at any future 
date the operator should do bad 
work while working on piece-work, 
we have a record to show that 
quality work can be made and still 
enough parts produced to meet the 
piece-work rate. When an old job 
is to be re-timed, we have past 
data which usually enables us to 
waive the preliminary check and 
study the job only during timing 


The procedure as described 
above has saved us a lot of de- 
fective work, as we have found 


many jobs which were not ready 
for timing, but required a change 
in set-up in order to produce in a 
state of control. Under the old set- 
up a job of this kind could very 
easily have been timed and de- 
fective parts produced in quantity 
before corrections were made. It 
has also enabled us to get Engi- 
neering Specifications changed on 
certain jobs, when we found a pro- 
cess producing to the best of its 
ability and still not meeting toler 
ances 


The following charts show ex- 
amples of studies, both variable 
and percent defective, which were 


made either before or during Time 

Study 

Figure 1. Before Time-Study— 
Variable 


This variable study was on the 
milling of a flat on one side of a 
small brass cylindrical piece. The 
dimension of .325’ 001” was 
taken from the milled flat to the 
outside diameter of the cylinder. 
As shown by the chart, this process 
was in control using .0026” as 
compared with .002” allowed by 
our drawing. When measuring 
this piece we found that whatever 
variation was on the outside di- 
ameter (either large or small), also 
showed up on the finished milled 
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piece. As the tolerance on the Out- 

side Diameter of the piece was also FIGURE 3—BEFORE TIME STUDY 
plus or minus .001”, we actually 

JAN 3i- 1947 (Amp. SHwT) 


had no tolerance left for our mill- Ee 
ng operation. The reason for this 9/007, Z-78/6- DIAL BUSHING 
condition was due to the fixture | OPER. 4800 INSp- ¥ /60 
: MACH 

mamagesshe the piece on the center CHAR STUDIED-~ / %e" OVERALL LENGTH 
line, rather than on the Outside | VISUAL FOR PRESENCE OF CHAMFERS 
Diameter. Due to the above an- SAMPLE - 25 
alysis, the study was rejected, and P:29% 
th £ d | 40% ‘ 

e information turned over to too CODE: 
design in order to change the | A- ADT CHAMFER TOOL 
mastering of the piece in the fix- 6B-AOT FEED STOP 
ture C - SHARPEN CUT OFF TOOL 
Figure 2. During Time-Study— 30% E - NO CHAMFER ON BACK END 

Variable F - SHORT ON 1%" OVERALL 

This operation was the machin- 
ng of a radius on the end of a 
stainless steel cylindrical piece. The 
dimension checked was the length 2 

Ole 


from the radiused end to the flat 
end of the piece. This study was 
run for two eight hour shifts. Our 15% 
chart showed a few points out of 
control and too wide oa range for 


our drawing tolerance of .343” ~ 10% c 

.004”. The length variation is @ ¢ 

mostly dependent on the operator, . 

as this job is done on a Hardinge 5% ? +, ; : _ 
Lathe with the feed of the cutting et a ——f% p> 
tool controlled by the operator. In A A B\B\ c 

view of the above, as shown by our ° ? & a “ w 9° or tae oe ok oe ar a : pe 
variable study, the job was rejected ? 9 3 » 8 8 hd - @ o 3 a oS 2 : : 


and the Time-Study rate was not 
applied 


Figure 3. Before Time-Study— 
Percent Defective 


This operation is the cutting off DURING TIME STUDY 


of certain lengths of bushings from 
steel tubing, and chamfering the FIGURE 4 FIGURE 6 
Outside Diameter and Inside Di- 
ameter. After analyzing this oper- 


ation it was found that the short a i TAN. 10 19 
a i79R4 46J /' Ot 


pieces were either the last pieces pb ng Fs weg ay) OPLR. #4644 = INSP. # 
in the rod, or the next to the last MACH. © | enc MACH. # NEW HARDINGL . ATHI 
” > i t v a » vi © c ° ow pie 
piece The only correction that can be a —_ A CHECK 10-24 THRO. 100% Syn a i sl , 
~145 THO ‘ ADT. Cul Time 
be made on this condition is for SAMPLE 2! CODE: A- ADY " 
} 4. 4% 7, 
the operator to throw out the last ove , 
CHECKING TAPPWG HIAT 9¢ .., 
two pieces from each rod It is py Ae 4 999 . TF 
TL A VARIATION OM TH 7 ad ‘ = 
not always possible for the oper- 5-935 CHUCK Causute VARIAhON ow 195 nas were] * lg . 
Dia. (OPTR A WilHOuT #4 ” . 5 7 « 
ator to do this, but enough can be o. Gamata thd _ ‘ J J 
caught to reduce the percent de — = 
fective to meet our quality require ¥: Ear weak wel cua’ - 
ments x a) i 7] 009 
PRO. 101 O2¢ 
Figure 4. During Time-Study— acl 04 
Percent Defective 
oy eG oo~ , 
Sse , 
This operation consists of facing, : , , 
’ 
grooving, drilling and tapping a of 1 a oo AS 
- . 
flat rectangular flange plate. After ‘ - 6 
the facing and grooving operation, 5. z we a ’ { 
the grooves must clean up when ae ‘ 
sanded lightly. This indicates that ¢ oo 2 & 2°93 3° 8 s £8 % - © g 
they are level with the rest of the or @e@ ge ‘ ‘ 7 es ¢& & & 
SEPTEMBER, 1947 15 








FIGURE 5—DURING TIME STUDY 


plate. As noted by the chart, there 
was considerable downtime plus 
yndaersize threads and uneven 


JAN 31, \S47 
faces The average percent de Z 78I2 SLEEVE 
fect ve was 4.4% which was higher aera «. ‘i INSP # 2816 
Sheeateen "ae teneckede tas os CHAR. STUDIED- 55+ OVERALL , 
— a VISUAL CHAMFERS 

_ SAMPLE - 25_ 

P-0O 
Figure 5 During Time-Study 
Percent Defective 

This chart shows an operation 
which was very good, and on the 
basis of this eight (8) hour check 
we passec this Time Study 


Figure 6 During Time-Study 


Variable 
Thi operat on is the turning of ’ 
» 1.000 001 003” diameter 
on a Hardinge Lathe The process 
was in control, and a tolerance of 
’ OC —— FS FSSSSSSESS SESH SSSCO SECS OS  CCECTeFCCCSGSOCS 
0026” was used as compared with o ° 
t ¢ Th “oY 96 2) 
q drawing tolerance o 04 IS o> ~” @] vr a 
D wat passed for Time Study t- — oy = N 
HENRY C. EATON 
AMERICAN BOSCH CORPORATION 
One of the fallacies in a good 
= 7 — 
many engineering design offices . | 
and drafting rooms is the old fash YY J 
‘ | 
ioned method of adding all the ? . ~ “Aten 
444 ‘aa A CLS MANE LS 
tolerances on a number of com “ - = 
ponent parts to obtain the total ¢ 4 
tolerance for the complete as t } 
sembly. Statistically, the chances ' 
are very slight that all the com 
Y 
ponent parts man assembly would i 
be made to their maximum dimen r 
ion, and hence would need the y f 
maximum assembly tolerance f | " 
Theretore it would seem that in r a | 1 | J 
the majority of cases, if not all, T L ' : y 
there is a waste of tolerance on an 
issembly that could well be re L J 
duced } r . 
' 
. r ’ 
The quality control engineer has 
several methods of determining t rc 
variations, and one of these, the 
root mean square, can be applied + | 
i 
very nicely in figuring an engi 1 - - 
neered assembly tolerance | 
Here is how to use this simple i T , 
qual ty « »ntrol tool FIGURE 1 . - ae 
1) Square the total tolerance . 
r cs 4 
spread of each compo oe ¢, 4 t. Sh 
nent 
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Example: If the specifica- 
tion calls for a tolerance 
of 002” on a compo- 
nent, the total tolerance 
would be .004” and its 
square would be 


000016 
2) Add these squared sums 


Extract the square root of 

the total. This figure will 

then be the engineered as- 

sembly tolerance. 
Expressed algebraically these three 
steps become: 





Tp t t t3-... +4 
where T, — assembly tolerance, 
and t,, t., ete component toler 
ances 

It must be emphasized, however 
that even though the majority of 
applications involve mutually inde- 
pendent component tolerances, 
there are shop situations in which 
there is some correlation between 
components; in such 
formula does not apply 

An example showing the use of 
the formula is given in Figure 1 
where several gears and spacers 
for a transmission are shown as 


cases this 


sembled on a shaft preparatory to 
placing it in a housing. The prob 
lem is to make the dimension be- 
tween the bearings of the housing 
such that all assemblies of gears 


will fit between the bearings 
and yet not have excessive end 
play There is snown also, the 
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relative housing dimension figured 
on all-maximum or all-minimum 


component dimension: 


The chart (Figure 2 
other approach to the same prob 
lem and can be used as a ready 
designing as 
simply a 


gives an 


reference guide in 
semblies The chart is 
graph of the equation 


t T--160 \/n, 


where T a given total tolerance, 
t proportion of T to be assigned 
to each component, and n the 


number of components in the as 
It has been found, how 


sembly 


ever, that this chart applies more 


9 


a 





9 O 44 (0753 1# 1§ 16 ‘7? 
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accurately to components manutac 


tured under “quality controlled’ 
conditions than it does to compo 
nents from processes not operating 
in statistical control 


One should bear in mind the fact 
that the chart gives the “percent 
of total tolerance assigned to each 
component” based on a known as 


sembly tolerance, whereas. the 
equation shown in the first part of 
this paper gives the overall assem 
bly tolerance based on .the known 
component tolerances. The use of 
both sections, 


case, will result in a more uniform, 


depending on the 


better-engineered product 





INTENSIVE PROGRAM 
IN 
STATISTICAL QUALITY CONTROL 
AT 
INTERNATIONAL HARVESTER 
COMPANY 

On Thursday and Friday, August 
7 and 8, 1947, the International 
Harvester Company held a Works 
Managers Quality Control Confer 
ence at its newly acquired Man 
ufacturing Research Building in 
Chicago, Illinois. The two day con 
ference, devoted to Statistical Qual 
ity Control from the viewpoint of 
top management, was the forerun 
ner of an intensive program by the 
company 

Messrs. J. L. McCaffrey, Presi 
dent; Levin H. Campbell, Jr., Ex 
ecutive Vice-President; M. C. Evans, 
Manager of Manufacturing Re- 
search; and A. C. Richmond, Sup- 
ervisor of Inspection Methods, took 
part in the conference 


SEPTEMBER, 1947 


During _ this conference such 
topics as “Introduction to Statistical 
Quality Control,” “Construction of 
a Control Chart,” Interpretation 
of Process Control Charts, 
ance Sampling,” and “Putting Qua! 


ity Control to Work” were taken up 


‘Accept 


Considerable time was devoted to 
general discussions of the entire 
quality control area— its 
related to design, 
and inspection, as well as to pro 


value as 


specifications, 


duction 
Following this 
Managers Conference at Manufac 


two day Works 


turing Research, a ten day intensive 
course (August 18th to 29th) in Sta 
tistical Quality Control was at 
tended by some seventy selected 
representatives of the Harvester 
Company 
selected 

of a Quality Control Engineer and 
a Director or Assistant Director of 
Training from each plant 


For the most part, these 


representatives consisted 


lt is ex 


pected that these two persons will 
work as a team in further introduc 
ing the uses of Statistical Quality 
Control to some 60,000 
with the Harvester Or 


persons 
connected 
ganization 

Mr. John E. Rahn, Quality Con 
trol Department, Works, 


Rock Island, Illinois, assisted on the 


Farmall 


instructional staff for the ten day 
Mr. A. C 


instructional 


Richmond also 
staff 


chairman 


course 
assisted on the 
ond served as general 
for both the two day and ten day 


programs 


Mr H A 


Manager, Fort 


Weissbrodt, Works 
Wayne, Indiana, 
was a guest speaker at the ten day 
course He gave an interesting 
talk on several successful applica 
tions of statistical quality control at 
the International Motor 


Truck Works located at Fort Wayne 


Harvester 
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ome Useful Statistical Methods 


CALVIN J. KIRCHEN 


REMINGTON ARMS COMPANY, BRIDGEPORT, CONN. 


The author wishes to acknowl 
edge his indebtedness, for the op 
portunity to publish the charts ac 
this article, to Dr R 


Ammunition 


companying 
E. Evans, Manager, 
Division Technical 
Remington 


devised them, and to the author's 


Department, 
Arms Company, who 


employer, the Remington Arms 
The author also wishes 
Paul Peach, In 


University of 


Company 
to thank Professor 
stitute of Statistics, 
North Carolina, Raleigh,North Car 
olina, for permission to nm ake use 
of material concerning the Poisson 
distribution which he issued in a 
note several years ago 
The moterial given below 

based upon lectures which the au 
thor has given at some of the qual 
ity contro! conference: held by the 
Federal Products Corp., Providence 


R. | The 


to be presented in procedural form 


designed 


material was 


rather than in expository form, and 


this is maintained here, with the 


express approval of the referee, 


who felt the procedural form per 


mitted a conciseness not possible 
otherwise There are two main 
sections, the first dealing with ap 


plications of the Poisson distribu 
tion in obtaining approximate, but 
satisfactory, solutions of sampling 
inspection problems, and the sec 
of the 


compar 


ona showing applications 
chi-square distribution in 
ing samples, the items of which 
have been classified as being good 


or defective 


1. Applications of the Poisson 
Distribution 


Six sampling problems ond the 


calculation of the operating char 


acteristic of a sampling scheme 


efficiency of a sample size and 


allowable number of defects in ac 
cepting good material and reject 
ing bad material) will be illustrated 
by the use of tables and a chart of 
the Poisson distribution lt is rec 
that the have 


ommended reader 


more of the following at 


one or 

hand: Molina, E.C Poisson’s Ex 
ponential Binominal Limit,” D. Van 
Nostrand Co., Inc., New York, 1943 


Grant's “Statistical 


Table Gin€E l 
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Quality Control,” McGraw-Hill Book 


Co., Inc., New York, 1946; and Fig 

6 in Dodge and Romig’s “Sampling 

Inspection Tables,” John Wiley and 

Sons, Inc., New York, 1944 

A. A lot is known to be 0.8% de 
fective What is the probabil 


ity that a random sample of 
300 will contain not more than 
4 defectives (i.e. 0 or 1 or 2 or 
3 or 4)? 
1. Molina’s Il: pn-— .008(300 
2.4: find a 2.4 in Il 
Allowable defectives 4; 
find ¢ 4 ] 5: 


table en 


try 0959; required prob 
ability 1.0000 0959 
9041 

2. Grant G: Find <' or np 
2.4, « 4, read P 904 di- 
rectly 

3. Fig. 6, D-R: Find pn 2.4 0n 


horizontal base scale; run up 


vertical to curve c 4: run 


horizontally to left hand 
vertical scale and reaa P 
905 

B Same conditions as before 


What is the probability that the 
of 300 will contain ex- 
actly 4 defectives? 


sample 


1. Molina’s |: pn 2.4 (as be 

so a 2.4; find x 4; 

1254 

2. Grant's G: « 2.4, ¢=4J, 
P 779; required probabil 


fore 


table entr y is 


ity 904 779 125 
3. Fig. 6, D-R; pn 2.4, ¢ 3, 
P 78; required probability 
905 78 125 
C Same conditions as before 
What is the probability that the 
number of defectives will ex- 


ceed 4? 


By whatever table or chart used 
the probabil ty of not 


than 4 defectives 


before, 


more was 


9041; the case of exceeding 4 
defectives is the mutually ex 
clusive possibility, so its prob 
ability is 1.0000 9041 

0959. This is the probability 
given directly in Mo 


a 2.4; « 4 ] 5 


na‘s Il for 


D. A customer's inspection system 


E 


is that of taking a sample of 

1000 and permitting 2 defec- 

tives. What is the worst aver- 

age quality that can be contin- 
vously supplied by the vendor 
with the risk that not more than 

1 lot in 50 shall be rejected? 

1. Molina’s Il: P-—1 50--.02 
c=—2+1=—3 In Table Il 
look along c--3 rows for 
P= .02; closest values found 


are .014 (a 5) and .023 

a .6 Interpolation for 

P 020 yields a--.567 

Then the maximum allow- 
able per cent defective 

(.567)(100) 1000 0567% 

2. Grant's G: Use P— 1.00—.02 

98. Go down column 


headed by c-2 to find 
values of P nearest to .98: 
P 982 (c 55) and P 
977 (c 60). By interpola- 
tion for P 98, ¢ .57, so 
the maximum allowable per- 
cent defective is .057% 

3. Fig. 6, D-R: Find P-- 1.00 
.02 98 on left hand ver 
tical scale. Run a horizon- 
tal line toc -2. Drop ver 
tically to base line and read 


pn 56 Then the maxi- 
mum allowable percent de- 
fective 056° 


Same conditions: Solve for a 

50-50 chance of acceptance 

1. Molina’s Il: P 50 onc—3 
lies between a 2.6 and 
2.7. interpolating, a— 2.69 


Then .269% defective lots 
will be rejected 50% of the 
time 

2. Grant's G: Run down c—2 


column to P nearest to .50, 
interpolating between P 


518 and .469 to get c’ 
2.67; so .267% defective 
lots will be rejected 50% of 
the time 

3. Fig. 6, D-R: Find P 50 on 


scale; run hori- 
zontally to ¢--2; run down 


left vertical 


vertically to pn 2.67. Then 
267% defective material 
will be rejected 50% of the 
time 
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F Same _ conditions What are chances in 3 of being ac 1. Let N (lot size 1000, +r 
the chances of acceptance of cepted! sample size 50, c (allow 
lots whose fraction defective iS 9 c = G . 20 P a) able defectives in sample 
>ra ‘ 
’ C b : f | re ( > 
2 same as worst acceptable p 677 directly 3, ltd lot fraction defect 
sample)? ve 
3. Fig. 6, D-R f 2.0, « 2 ‘ , 
1. Molina’s Il: a pn 2.0. Ir tite j f ‘ j 2. Calculating the Operating 
Te! ‘ a r > , " r ‘ 
row c¢ 3 for a 2.0, p ae re oF nand probab ‘ Characteristic Curve for this 
t cale to .67 probability o ' ' ; 
3233 Required probab lity y - ' y singie sampling pian means 
occe ta ce i | 
1.0000 3233 6767 ——— this: for various lot fraction 
That is, if lot quality merely G. Calculation of the Operating defectives, what are the re 
equals required sampie Characteristic Curve for a given spective probabilities of ac 
quality the lot has only 2 single sampl ng plar cepting a ot of 1000 if a 
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for each of two equal sized samples REE. ales 
Pa5h 
sample of 50 is taken and 3 4. Plot these various probabil- The resulting curve is called 
defectives are permitted? ities against the correspond- the Operating Characteristic 
ing lot fraction defectives. of the single sampling plan. 
It shows very readily what 
3. a. lfd 0, P 1: sample must be perfect if the lot is. percent of the time a lot of 
b. Ifd 01 Grant'sG ce’ = .5,c=—3,P—.998. given fraction defective can 
c. Ifd.-.02. Grant'sG e’ = 1.0,c—3,P—.981. be expected to be accepted 
d. lIfd 03 Grant's G c 1.5.c—3,P —.934 by the sampling scheme. 
e. Ifd 04. Grant'sG ¢€ 2.0,c 3,P 857. ; 
f Ifd—.06. Grant’sG: ce’ —3.0,c —3,P —.647 ll. Applications of Chi-Square Tests 
g. Ifd.. .08 Grant'sG ce’ = 4.0,c—3,P — .433. The remainder of this material 
h. Ifd 10 Grant's G c 5.0,c-—3,P—.265 constitutes the second main section 
i. Ifd 12 Grant'sG ce’ = 6.0,c—3,P 151. referred to earlier. It uses charts 
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MT an ee, Se 


Ae cpa cee 


and a formula to provide means of 
determining whether two samples 
differ significantly with respect to 
their numbers of defective pieces 


A. Equal Sample Sizes—Solution 
by the Chart of Chi-Square. 

1. Select the desired risk of er- 
ror (5% or 1%) and use the 
corresponding chart repro- 
duced below 

2. Locate the total number of 
defectives in the two 
samples on the _ left-hand 

vertical scale 

3. Trace horizontally to the 
point on the vertical line cor- 
responding to the size of the 
equal samples 

4. If the point thus located lies 
on the curved line giving the 
difference between the num 
bers of defectives in the two 
samples, then the odds are 

95 or 99) to 1 that the 

samples differ significantly. 

If the located point flies be- 

low the curved line, the odds 

are even greater that the 
samples are significantly 
different 

5. lf the point lies 
above the curved line cor 
responding to the difference 
between the samples, the 
samples are not significantly 
different 


located 


6. Example: Assume we have 
two samples of 250 each, 
with 10 defectives in one 
sample, 2 in the other, for 
a total of 12 and a differ- 
ence of 8. If we are satis- 
fied with a 95 to § risk, 
choose the chart P-—-5% 
Find 12 on the left hand ver- 
tical scale, trace horizon 
tally to the right to sample 
size 250 
cated lies below the curved 
line for a difference of 8 de 


The point thus lo 











TABLE | 
Acceptable Defective Totals 
Sample 1 . ' a b a-+-b 
Sample 2 d c-+d 
Totals ..... a bd N 
Compute: (ad—be N 
(a-+-c) (b +d) (a (c+ d 
TABLE II 
Acceptable Defective Totals 
Sample 1 5 60 
Sample 2 ___ 76 14 __ 90 
Totals 131 19 150 
( 55x14—-76x5 75)-150 11] 
131x19x60x90 
fectives between the two Does the sample of 90 with 


samples, so we conclude the 
sample of 250 with only 2 
defectives is better than the 
one with 10 defectives, and 
our chances of being wrong 
are 5 in 100. The PP. 1% 
chart is handled similarly 


B. Unequal Sample Sizes—Solution 
by Chi-Square Formula 


1. Summarize Samples as in 
Table | 
If the computed value is not 
less than one of the follow 
ing standards, the differ 
ence between the samples is 
significant at the corres 
ponding risk level 
Risk Level - 1% 
Standard 3.84 6.6 
These are values of chi 
square for one “degree of 
freedom” 


2. Example: Suppose samples 
of 60 and 90 pieces from 
two different processes for a 
product yield, respectively, 
5 and 14 defective pieces 


14 defective pieces indicate 
that the process which pro 
duced it is not as good as 
the other? (See Table II.) 

The computed number, 1.11, 
is less than the standard at 
even the 5% level (3.84), 
so there is no evidence, on 
the basis of this test, that the 
second sample differs sig 
nificantly from the first 


3. Note: The term N/2 in the 

formula for chi-square is 
known as Yates’ Correction 
for Continuity. It is not al- 
ways included in formulas 
pertaining to this applica 
tion The reader who is in 
terested in acquainting him 
self with the reasons for us 
ing the correction is referred 
to R. A. Fisher, Statistical 
Methods for Research Work- 
ers, 1941, Oliver and Boyd, 
Edinburgh This correction 
was used in devising the 
chart used in the case of 


equal sample sizes 


Modern Quality Control 


One of the interesting features 
of the Convention Dinner of the 
American Society at the Hotel Sher- 
man in Chicago on 5 June of this 
year was a “first-night” showing 
of the Johns-Manville Corporation's 
new color sound picture entitled 


Modern Qualitv Control.’ 
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The film was prepared by Johns 
Manville for use in instructing its 
own people in the principles and 
value of quality control. Mr. R. E 
Wareham, Executive Secretary of 
the American Society, suggested to 
President Edwards the possibility of 
securing the film for the dinner 


meeting Acting on this sugges 
tion, Mr. Edwards invited Mr. 5S 
Collier, Director of Quality Control 
of Johns-Manville, to be present at 
the dinner and to present the pic 
ture to the members of the Society 

Mr. Collier graciously consented 


to do this, and the Society is most 
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Collier and to the 
Johns-Manville Corporation for af 


gratetul to Mr 


fording so many of its members 
this opportunity of vie wing the pic 
ture 

Mr. Collie: pretaced the show ng 
of the film with a few well-chosen 
remarks, which Industrial Quality 
Control is pleased to quote 

The use of statistics is not new 


time when 


There never has been a 
scientists and technical men have 
not unconsciously used some sta 
tistical principles n the drawing of 
conclusions from accumulated data 
Unfortunately, many of these con 
clusions have been based on intu 
ition and thus have not always 


been in harmony with the true 


facts We will admit, in the light 
of our present knowledge, that in 
post years many of our own con 
clusions were educated guesses 
However, we do feel that a step 
forward was made when we be 
gan to use frequency data in estab 
lishing specification limits for our 
various products 

About five 
started to apply some of the prin 
Shewhart 


and his colleagues We soon re 


years ago, we 
ciples set forth by Dr 


alized some of the deficiencies of 
our past thinking, and it was im 
mediately apparent that there was 
need of acceptance of these prin 
ciples by our production managers, 
industrial 


supervisors, engineers, 


and inspection personnel 


“The education of our inspection 
group was start od at once through 
the medium of literature and 
courses of our own design, as well 
as courses sponsored by the War 
Production Board and local col 
leges. However, educating produc 
tion men in these ideas was quite 
a different problem In our con 
tacts with representatives of other 
companies, we found that they too, 
After con 
sidering the various types of ap 


had similar problems 


proach, we felt that perhaps a mo 
tion picture with a suitable nar 
rative would be most effective 
Our reason for this approach was 
that, in cooperation with the train 
ing division, we had recently made 
a film on quality for a_ specific 
where the rejects were 
running high This film illustrated 


the various types of rejects, and 


product, 


portrayed each cause The film 
hac been shown to all the employ 
ees from sweeper to factory man 
ager, with appropriate commen 
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tary by the training and quality 


control supervisors The picture 
brought home to each employee 
the importance of his job in main- 
taining quality We have always 
worked on the fundamental theory 
that if we instill pride of workman- 
ship in our men, our problems of 
nspection 


quality and become 


relatively simole 


The effect ot that earlier pic- 
ture was immediate, and rejects 
dropped to less than | 3 the pre- 
vious level The picture had put 
across our ideas, and it made a dis 
tinct impression on everyone in the 
production group. For this reason 
we felt that a similar training film 
would be one of tne pest means of 
presenting modern quality control 
to our production men 

We made inquiries as to the 
availability of motion pictures on 
statistical quality control, but were 
unable to find a film suitable for 
ovr problems. In_ collaboration 
with our Training Division, we then 
decided to make our own movie, 
patterned around our own products 
and problems The objective was 
to sell statistical quality control to 
production and industrial engineer 
ing groups, citing varied applica 
tions and case histories in the field 
of our own operations The film 
was meant only for home consump 
tion and is not an advertising me 
We have taken a few minor 


liberties with some of the statistical 


dium 


theories, but we believe that the 
advantages to be gained warrant 
such liberties 

We have been working on this 
motion picture for some time, and 


its completion has been possible 


only because of the unstintina ef 
forts of Miss Gertrude Mothersele, 
Messrs. W. H. Graham, P. B. Proc 
tor, and E. F. Smith of our Quality 
Control Department, Mr Ralph 
Hartwig, Training Coordinator of 
our Industrial Relations Depart 
ment, Mr. Luther Reed, Manager of 
our Motion Picture Section, and Mr 
E. A. Reynolds, formerly of Johns 
Manville. We are also grateful to 
Mr. Ralph Wareham of the Society 


for his technical assistance 

This film was returned to us 
from the laboratories only last 
week, and we have not yet shown 
it «€ nto our own production 
propie. We are pleased to have 
the opportunity of making its in 
tial showing to the American So 


city for Quality Control 





STATISTICAL CONTROL RESEARCH 

AND TRAINING PROGRAM, SYR- 

ACUSE UNIVERSITY AND SYRACUSE 
SECTION OF A.S.Q.C. 


Syracuse University has an 


nounced a comprehensive program 


quality 
search and training under the spon- 


in industrial control re 
sorship of the United States De- 
partment of Commerce and in co 
operation with the Syracuse Section 
of the A.S.Q.C. and industry in the 
Syracuse area. The project is de- 
signed to aid local industry through 
inspector training and in-plant aid 
in the application of statistical qual 
ity control methods, and also to in 
vestigate the present use of these 
methods in representative indus 
tries and to study the results of 
such cooperative training pro- 
grams 

The tentative plans for the pro 
of the 


quality control metheds of indus- 


ject include investigation 
tries of varying sizes and type of 
operations to determine the extent 
of use of statistical methods, the 
additional 


industrial desire for 


training at this time, and the pos- 
sibility for increased application of 
In addi- 


tion, the project will include free 


statistical quality control 


training courses for industrial em- 


ployees and in-plant cooperation 
with local inspection personnel for 
the application of these methods to 
specific production problems 


The University has engaged Mr 
Edward A. Reynolds to work in as- 
sociation with Professor Washing 
ton Platt of the University’s Admin 
istrative Engineering Department 
in directing this project. Mr. Reyn 
olds was formerly in charge of sta- 
tistical quality control methods for 
Johns-Manville’s United States and 
Canadian factories, and more re- 
cently, inspection manager for the 
Easy Washing Machine Corpo 
ration. It is expected that the de- 
tailed plans will be reviewed with 
local and nationally known lead- 
ers in the field of quality control, 
and it is the hope of both the Uni- 
versity and the Syracuse Section of 
A.S.Q.C. to make this project of 
benefit nationally as well as lo- 
cally. 
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ANNUAL REPORTS 


At the Annual Meeting of the 
Society in New York on 27 June 
1947, the President, the Executive 
Secretary, and the Treasurer pre 
sented Annual Reports on behalf 
of the Board of Directors These 
reports accepted, or 
dered extended to include the bal 
ance of the fiscal year, and ordered 
published in the September issue 
of Industrial Quality Control, under 
the provisions of Sections 29.¢ (3), 
29.d. (5) and 33.k. of the Constitu 


tion The reports follow 


were duly 


REPORT OF BOARD OF 
DIRECTORS 

THE BOARD OF DIRECTORS of 
the American Society for Quality 
Control, Incorporated, 
herewith to the 
first annual report, for the period 
from 16 February, 1946 through 
the end of the fiscal year on 30 
June, 1947 The report includes 
a brief summary of the principal 


prese nts 
membership _ its 


activities of the Society during the 
period covered, more detailed in 
formation having been given to 
the membership in the several 

sues of Industrial Quality Control 
which have been published during 
Appended to this re 
port are the reports of the Execu 
tive Secretary and of the Treasurer 


the period 


setting forth respectively, the status 
of the membership roll and of the 
roll of Sections, and the financial 
condition of the Society, as of the 
close of the fiscal period The 
Auditing Committee’s certification 
of the Treasurer's report is also ap 


pended 


Board of Directors’ Meetings 

Only one formal meeting of the 
Board was held during the period 
in Chicago on 5 June, 
proceedings of this 


in question, 
1947. The 
meeting were recorded in some de 
tail in the July, 1947 issue of In 
dustrial Quality Control, and will 
not be repeated here Important 
actions included confirmation of 
the President's appointment of Pro- 
fessor Mason E. Wescott to succeed 
Dr. Martin A. Brumbaugh as Chair 
man of the Editorial Board, elec 
tion of Dr. Walter A. Shewhart as 
the first Honorary Member of the 


neces 


Society, completion of the 
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sary authorizations for the setting 
up and functioning of the Shewhar! 
Medal Foundation, and unanimous 
endorsement of the proposed new 
constitution for the Society as sub 
mitted to the membership for 
action 

Two informal meetings of the 
Board were also held during the 
period, in Chicago on 5 March 
1946, and in New York cn 27 Jan 
vary, 1947 
ent at either of 


No quorum was pres 
these informal 
The first was given over 
Society 


while the sec 


meetings 

to general discussion of 
activities and plans, 
ond was devoted entirely to con 
sideration of suggested provisions 


in the propost anew constitution 


Executive Committee Meetings 
Nine meetings of the Executive 
Committee were held during the 


fiscal period in question, as follows: 


Chicago, 5 March, 1946 
New York, 22 May, 1946 
Buffalo, 28 September, 1946 
New York, 14 December, 1946 
New York, 15 December, 1946 
Rochester, 17 February, 1947 
New York, 26 April, 1947 
New York, 27 April, 1947 
New York, 27 June, 1947 
All except the New York meeting 
on 14 December and the Rochester 
meet ng on 17 February were 
formal mee tings with qd full quorum 
The 14 December and 26 


April meetings were devoted ex 


present 


clusively to consideration of sug 
gested provisions in tne proposed 
new constitution All of the other 
meetings were given over to gen 
eral a scUSSIONS and qgaecisions with 


Society 


The proceed ngs of 


activities and 


these 


respect to 
plans 
been re 


have largely 


meetings 
ported in succeeding ssues of In 


dustrial Quality Control, and will 


not be repeated here 


Sections Visited by 

President Edwards 

New England Regior 
Boston 
Western Massachusetts 
Hartford 


Sout! err 


Connecticut 
-O I 


M ddle Atlantic Reg or 


Metropol ton 


Delaware 


Northern Region 
Buffalo 
Rochester 
Southern Tier 
Michigan 

Central Region 
Ohio 

Mid-West Region 
Chicago 
lowa 


In addition to speaking at meet 
ings of most of the above Sections, 
the President also spoke at the Mid 
West Regional Meeting in Chicago 
and the Middle Atlantic Regional 
Meeting in Princeton, N. J., both in 
1946, as well as the National Con 
vention of the Society in Chicago in 


1947 


Annual Meeting 

The annual business meeting of 
the Society was held in New York 
City on 27 June, 1947 The pro 
ceedings of the Annual Meeting 
were recorded in some detail in the 
July, 1947 issue of Industrial Qual 
ity Control and will not be repeated 
here The annual report of the 
Board of Directors was presented 
by President Edwards; the status of 
the membership roll and of the roll 
of Sections was outlined by Execu 
tive Secretary Wareham; and the 
Society s 


summarized by 


condition was 
Davis 


The re port of the judge s of election 


finan ic | 


Treasurer 


was presented, and those officers 
elect present responded with brief 
expressions of appreciation for the 
honor conferred upon them The 
new constitution of the Society was 
declared adopted and its provisions 
effective as of 1 July, 1947 
National Convention 

The tirst Convention ot the So 
ciety was held in Chicago on the 
5th and 6th June, 1947 in conjunc 
tion with the second Regional Mcet 
ing of the Mid-West Sections. The 
Convention was reported in some 
detail in the July, 1947 issue of 
Industrial Quality Control and no 
detailed report will be given here 
Its outstanding sUCCeSS was due 
largely to the devotion and hard 
work of the Mid-West Region Mem 
bers and Committees who played 
host to the Society 
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Regional Meetings 

Four large Regional Meetings 
were held during the period 
Mid-West 

Chicago 5 and 6 March, 1946 
New England 

Boston 15 November, 1946 
Middle Atlantic 


Princeton, N. J 14 December, 


1946 

Mid-West 
Chicago 5 and 6 June, 1947 
Each of these meetings was 


sponsored by all of the American 
Society Sections in its Region. In 
addition to luncheon and dinner 
sessions of a more general char 
included a 
“clinical” sessions de- 


acter, each meeting 
number of 
voted to exposition 
phases or applications of quality 
control All four meetings were 
highly successful and contributed 
increase in 


of specific 


substantially to an 
quality control enthusiasm in their 


respective Regions 


Section Meetings 

All of the Society's twenty-five 
Sections held well-attended meet 
ings more or less regularly during 
the period. Technical sessions were 
frequently preceded by a less for 
mal dinner session. Two of the Sec 
tions also held all day meetings 
with “clinical” sessions as follows 
Rochester 


Rochester 19 February,1946 


Michigan 

Detroit 7 June, 1946 
Rochester 

Rochester 18 February, 1947 
Michigan 

Detroit 20 June, 1947 

Section meetings constitute a 


substantial and important contri 
bution to the life of the Society 
and to the gain which accrues to 
individual members from the So- 
ciety. It is to be hoped thot these 
Section activities will increase in 
scope and strength with the con 
tinuing growth of the national or 


ganization 


Advisory Council 

With the approval of the Exec 
utive Committee, the President ap 
pointed the following to the Ad 
visory Council of the Society 

Dr. E. U. Condon 

Director, Bureau of Standards, 

United States Department of 

Commerce 


Washington, D. C 
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Mr. M. Herbert Eisenhart 

President, Bausch and Lomb Op- 
tical Co. 

Rochester, New York 

Brigadier General 
Safford 

Executive Vice-President 

Ohio Rubber Company 

Willoughby, Ohio 

Dr. Walter A. Shewhart 

Member of Technical Staff 

Bell Telephone Laboratories, Inc. 

Murray Hill, New Jersey 

Mr. Charles D. Wiman 

President, Deere and Company 

Chicago, Illinois 


Hermon F. 


All of these gentlemen have gra- 
ciously accepted appointment, and 
the Society is most fortunate’ in 
being able to call upon them for 
advice and counsel in important 
matters of policy or procedure. 


Industrial Quality Control 

The Society has been fortunate 
in persuading an extremely able 
and well-balanced group of men to 
accept membership on its Editorial 
Board. Under the able Chairman- 
ship of Dr. Martin Brumbaugh, this 
Board has maintained and even 
improved the high standard he had 
already established as Editor of 
Industrial Quality Control. The 
content of the magazine has been 
increased from 20 pages per issue 
to 32 pages seven of the eight 
issues published during the period 
covered by this report having been 
of the 32-page content. 


During this same period, the cir- 
culation of the magazine has quad- 
rupled the present circulation 
being approximately 2,200. Sev- 
eral articles have been reprinted 
from the magazine for individual 
distribution. That many of the ar- 
ticles are of more than passing 
worth is attested by the very sub- 
stantial demand for back issues. 
This demand has necessitated re- 
printing two of the earlier issues, 
and it appears possible that re- 
printing of some further issues will 
be necessary. 


With the object of increasing the 
advertising income from the maga- 
zine, the Society signed a contract 
at the beginning of 1947 appoint- 
Advertising Sales 

This contract has 

effective as of 


ing exclusive 
Representatives 
been terminated 
July, 1947. 


The Society has suffered a real 
loss in the resignation of Dr. Brum- 


baugh as Chairman of the Editorial 
Board effective 1 July, 1947. It 
has been most fortunate in secur- 
ing the consent of Professor Mason 
Wescott to succeed Dr. Brumbaugh 
as Chairman. 


The first issue of the News Sup- 
plement to Industrial Quality Con- 
trol appeared on 1 June, 1947. 
This will contain news of Section, 
Regional and National Meetings, 
past and to come, announcements 
of Educational Courses to be given, 
personal news items, etc. The Sup- 
plement is being edited by Mr. 
Ernest H. Robinson of Chicago, and 
the Society is most fortunate in 
having him consent to undertake 
the work. The Supplement will, 
of course, be mailed to all mem 
bers. 


Standing Committees 

The Committee on Professional 
Ethics and Qualifications completed 
during the period a structure for 
grades of membership, and qualli- 
fication requirements covering each 
grade, which have been included 
in the Society's new Constitution 
This Committee has also made sub- 
stantial progress in the drafting of 
a Code of Ethics for the Society, 
and in the working out of an ac- 
ceptable procedure under which 
personal and professional adver- 
tising notices may be placed in 
Industrial Quality Control by mem- 
bers. 


Early in 1947, the Committee on 
Constitution and By-Laws placed 
in the hands of the Executive Sec- 
retary a petition for amendment of 
the Constitution and By-laws so 
that the President and Vice-Pres- 
ident of the Society could be re- 
elected to a second term if this 
should prove desirable. The Ex- 
ecutive Secretary mailed 1,698 bal- 
lots to members eligible to vote on 
adoption of this amendment. Of 
these, 1,099 valid ballots were re- 
turned—1,046 favoring the amend- 
ment and 53 opposing. The 
amendment was hence adopted by 
the favorable vote of more than 
95% of the members voting. 


The principal effort of the Con- 
stitution and By-Laws Committee 
was devoted to the drafting of an 
entire new Constitution for the So- 
ciety. After almost continuous work 
in this connection from early Sep- 
tember, 1946 through late April, 
1947, this Committee submitted to 
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the Executive Secretary its final 
draft of the new Constitution. 
Unanimously endorsed by this Com- 
mittee, by the Committee on Profes- 
sional Ethics and Qualifications, by 
the Executive Committee, and sub- 
sequently by the Board of Direc- 
tors, the new Constitution was sub- 
mitted to the membership for action 
in the postal ballot in June, and 
was adopted by the affirmative 
vote of more than 94% of the mem- 
bers voting. 

After careful canvas of its prob- 
lem, the Nominating Committee 
submitted to the Executive Secre- 
tary the following nominations for 
officers for the fiscal year 1947-48: 


For President 
George D. Edwards 
For Vice-President 
Frederick J. Halton, Jr. 
For Executive Secretary 
Ralph E. Wareham 


For Treasurer 
Alfred L. Davis 


In the postal ballot terminating at 
the Annual Meeting, the above 
nominees were all elected by large 
majorities. 

The Auditing Committee con- 
ducted its scrutiny of the books and 
records of the Treasurer with me- 
ticulous care, and the results of its 
work are set forth in its certification 
appended to the Annual Report of 
the Treasurer. 


General Committees 

While the Committee on Mem- 
bership was unable to carry out 
during the period any full-fledged 
membership campaign on a na- 
tional scale, some progress was 
made in formulating plans along 
these lines. The Committee has 
also made a number of suggestions 
calculated to facilitate membership 
work, and plans are under way for 
giving effect to these. Important 
among them is a suggestion that 
a uniform membership application 
blank be used exclusively by all 
Sections and by the American So- 
ciety. 

The Committee on Programs and 
Speakers has not been called upon 
to any extent so far for aid in sug- 
gesting speakers or in arranging 
programs. It is attempting to 
formulate a list of representative 
speakers on a variety of subjects, 
who would consent, when possible, 
to address Section, Regional or Na- 
tional meetings. The Committee has 


SEPTEMBER, 1947 


also considered carefully the work- 
ing of the program at the June, 
1947 Convention of the Society, 
and has formulated a set of recom- 
mendations for the consideration 
of Committees undertaking the pro- 
gram-planning of future Conven- 
tions. 

The Committee on Publicity and 
Public Relations has _ continued, 
throughout the period, discreet ef- 
forts to secure publicity of the right 
sort both for quality control in gen- 
eral and for the American Society 
in particular. Articles describing 
the advantages of quality control 
as reported at Section and Regional 
meetings of the Society, and at the 
Society's Convention, have ap- 
peared in a number of the better- 
known technical and business ma- 
gazines having national circulation. 
Favorable notices regarding the So- 
ciety have also appeared in the 
journals of several of the larger 
national engineering societies, and 
in a considerable number of news- 
papers both local and of wider cir- 
culation. 

The Committee on Relations With 
Educational Institutions has made 
important progress in laying the 
ground-work for a sound program 
for its activities. It submits the 
following suggestions to the Sec- 
tions and to the individual mem- 
bers of the Society: 


1. That they secure attendance 
of college and university 
teachers at Society meetings 
and encourage their active in- 
terest in the Society and its 
activities. 


2. That they provide speakers 
for local meetings of the 
American Society for Engi- 
neering Education, and that 
A.S.Q.C. do likewise for the 
higher echelons. 


3. That they encourage in every 
way possible the provision of 
summer employment in in- 
dustry for teachers of quality 
control. 

4. That they review carefully 
their membership representa- 
tion on the Committee, and 
present new nominations 
where this appears desirable 


In the course of its work, this 
Committee has found it desirable to 
constitute a Sub-Committee on Col 
lege courses, which has given con- 
siderable study to the matter of 
under-graduvate and graduate in- 


struction in statistics and quality 
control. As a result of this study, 
the Sub-Committee has submitted 
the following tentative conclusions: 


1. Basic statistics is fundamental 
to all branches of engineering 
endeavor, and should be re- 
quired in all undergraduate 
curricula. 


2. Such a basic statistics course 
should consist of a year's 
work (6 credit hours) embrac- 
ing frequency distribution 
and measurements, linear 
correlation, multiple correla- 
tion, introduction to tests for 
significance, control charts 
for variables and attributes, 
probability, sampling, appli- 
cation to tolerances and spe 
cifications, etc. 


3. Pressure for highly specialized 
courses in quality control or 
industrial statistics for under 
graduate engineering _ stu 
dents should be resisted. 


4. Advanced study in correla- 
tion, tests of significance, etc., 
as well as in analysis of vari 
iance, design of experiment, 
etc., should not be required of 
all engineers, but rather 
should be presented as elec 
tives for undergraduates or 
be postponed to the graduate 
level. 


The Main Committee on Relations 
with Educational Institutions has 
given its tentative endorsement to 
these conclusions of its Sub-Com- 
mittee. It invites members and 
non-members to submit factual in- 
formation on present practice and 
future development of college 
courses along these lines, and to 
send in information, comments, and 
questions relating to the subject 
which will be helpful to the Com- 
mittee in forwarding its study and 
crystallizing its conclusions 


The Committee on Relations with 
Other Technical Societies has for 
mulated and adopted a statement 
of its objectives, together with state 
ments of the duties of individual 
members of the Committee and of 
its Regional Chairmen. It has for 
mally recommended that each Sec 
tion of the Society affiliate with the 
Engineering Council or similar 
group in its area, where such a 
Council or group exists. Where no 
such Council or group exists, the 
Committee has recommended that 
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the Section take the initiative in 
organizing one. The Committee has 
noted that letters have been sent, 
by several Sections of the Society, 
to sections or local chapters of other 
technical societies in their several 
areas, listing pertinent information 
and the names of qualified speak 
who are 


ers on quality control 


available. The Commitiee recom- 
mends that other Sections adopt 
this practice. The Committee urges 
that Sections invite joint meetings 
with other technical groups in their 
scheduled 


topics might prove of mutual in- 


several areas, where 
terest to the membership involved. 
It cautions however, that particu- 
larly capable speakers should be 
chosen for such joint meetings, and 
that the discussion should be kept 
on a nontechnical level so far as 
possible. In this connection, the 


Committee suggests that Sections 
obtain a list of possible speakers, 
with some statement of their past 
success, from the Committee on 


Programs and Speakers. The Com- 
mittee on Relations with Other 
Technical Societies concludes its 


recommendations by urging that 
the above procedures be followed 
similarly, so far as appropriate, by 
its Chairmen at Regional and Na 
tional levels 


Appreciation 

To the ASQC Committees, to the 
Regional and Executive Chairmen 
of those Committees, to Section of 
ficers, and to the members in gen 
eral, the Board of Directors ex 
presses its deep appreciation for 
the loyal and effective effort which 
all have devoted to the advance- 
ment of the Society, and the Board 
extends its thanks for the splendid 
cooperation and support which it 
has uniformly received 


For the Board of Directors 
GEORGE D. EDWARDS, 


President 


REPORT OF 
EXECUTIVE SECRETARY 


The organization meeting of the 
Society was held at the Edison 
Electric Institute, New York City, 
on February 16, 1946. At that 
meeting representatives were pres- 
ent from the following seventeen 
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local quality control societies: Bos- 
ton, Buffalo, Chicago, Delaware, 
Detroit, Georgia, Illinois, Indiana, 
lowa, Metropolitan, Milwaukee, 
Northwestern, Ohio, Philadelphia, 
Pittsburgh, Rochester and Syracuse. 
The total local membership of these 
seventeen sections was then 1,186 
as shown in Exhibit A. 


Since the organization meeting, 
two of the original local societies 
have combined into a single Sec- 
tion of the American Society. Chi- 
cago and Northwestern became the 
Chicago Section. The following 
new Sections have joined the Amer- 
ican Society in the order listed: 
California, Omaha, St. Louis, West- 
ern Massachusetts, Hartford, North- 
eastern Indiana, Southern Tier, 
Southern Connecticut, and Toronto. 
Thus, there are now 24 Sections of 
the Society in the United States and 
one in Canada. 


The attached Exhibit A shows the 
membership of the Society by Re- 
gion and by Section, indicating the 
number of Founding Members and 
the total membership of each Sec- 
tion. The Chicago Section (with 198 
members) is now the largest Sec- 
tion in the Society; the Metropoli- 
tan Section has the largest number 
of Founding Members (48); the 
New England Region has the great- 
est number of new Sections (3); the 
Central Region has had the lfargest 
relative growth during the period, 
more than doubling its original 
membership. 


Growth in membership of the 
Society during the period is shown 
by the following record of Regular 
and Founding Members: 


Date 


May 22, 1946 ............ 
September 28, 1946 
December 15, 1946 
April 1, 1947 ........ 
a ea. | 
June 30, 1947 


The steady and uninterrupted 
growth of the Society has been 
most encouraging throughout the 
period since its inception. As of 
the end of the year, groundwork 
was being laid for a number of 
new Sections 
Respectfully submitted 
RALPH E. WAREHAM, 
Executive Secretary. 


REPORT OF TREASURER 

Appended hereto are Balance 
Sheet of the Society as of 30 June, 
1947 (Exhibit B), and Statement of 
Receipts and Disbursements of the 
Society for the period from 16 Feb- 
ruary, 1946, to 30 June, 1947, in- 
clusive (Exhibit C). 

Respectfully submitted 

ALFRED L. DAVIS, 
Treasurer 


CERTIFICATION BY 
AUDITING COMMITTEE 


We have examined the Balance 
Sheet of the American Society for 
Quality Control, Inc., as of June 30, 
1947, and the Treasurer's State- 
ment of Receipts and Disburse- 
ments for the period February 16, 
1946, to June 30, 1947, inclusive. 
Without making a detailed audit 
of the transactions, we tested 
samples of the records of cash re- 
ceipts and disbursements to the ex- 
tent we deemed appropriate. The 
amount of cash on hand was veri- 
fied with the bank of deposit. The 
methods of arriving at the esti- 
mates shown on the balance sheet 
were reviewed with the Treasurer. 

In our opinion, the accompany- 
ing Balance Sheet and Statement 
of Receipts and Disbursements fair- 
ly presents the financial position of 
the American Society for Quality 
Control, Inc. as of June 30, 1947, 
and the Treasurer's operations dur- 
ing the period February 16, 1946 
to June 30, 1947. 

HOWARD L. JONES, Chairman 
HOWARD L. BOLTON 

G. RUPERT GAUSE 

PAUL A. ROBERT 

JOSEPH SADOWSK| 


Founding Regular Total 
91 408 499 
139 891 1030 
148 1292 1440 
184 1606 1790 
188 1633 1821 
243 1683 1926 





Our advertisers are help- 


ing our society. They 


deserve your patronage. 
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EXHIBIT A 
American Society for Quality Control, Inc. Local Membership 
Report on Membership as of June 30, 1947 at Time ; Present Membership 
of Organization Founding Regular Total 
New England Region 
BIND intcsicieensan ss jisduceabeoneaiansatnns Reet ce enorme rete 91 15 109 124 
POE ccinisicesinsnnnse ideuiaieeabiadevebhies j ainda 36 36 
Southern Connecticut .. | 46 47 
Western Massachusetts os , 1 17 18 
Total 9) 17 208 225 
Northern Region 
EE . Kageniattinanaibe aiaiaieeiinaes arene oes emieassn 108 8 105 113 
Michigan ............... shinintesaniieniiabinnniinitie 9) 8 92 100 
DE cele ti tsinstealindtdnabaeaane sakebasenbaniaienetaine 163 17 103 120 
I a cc ceils abidanaienina , ] 59 60 
IINININL ‘sisiciintitiniidiinecisinanniidebniininnatintaniabetiin aaniadaeens 35 4 64 68 
Toronto ...... piatbendbiaad , FRR EOE Se ; edamame 5 23 28 
Total 397 43 446 489° 
Middle Atlantic Region 
BPUIUPEIID cnccncnsncssccennces anemia came 44 6 36 42 
PR IIIID, cciincrcicinsincenncnannaneniaes nerenes ” 170 48 112 160 
Philadelphia ............ " a piakeustane 55 15 83 98 
Total 269 69 231 300° 
Central Region 
een secabideddecbinanteiainaed havens 9 6 25 31 
RIED, 'sscesisaseuniestnedtidnibieniiiinisieaiidianeets piddemeisieaeeiedaiaieetian 31 13 85 98 
Pittsburgh .......... sabes 37 4 58 62 
Total 77 23 168 191 
Midwestern Region 
IED ctccsiebichnisbiudecnimeanias a ; 143 18 180 198 
EEE, <siesducdesiaansammadcenndaanidadaaheniibes 42 ] 4) 42 
IIE sch cidnnnscebnasicheethapieabemeaiindis - 7 36 5 36 4] 
ME cudsiauieiapiasctieiss cannes cilcceseshsincteieelats sas 8] 14 74 88 
Milwaukee ................4. eninanindatainlinaine Secneasienien 50 5 66 71 
il ls SINE ainictenuchiidppadtieibteabiiiimnes 3 40 43 
eee deasimnnas 1 6 7 
St. Louis 7 42 49? 
Total 352 54 485 539 
Western Region 
California 11 56 67 
At Large ....... 26 89 115 
Grand Totals 1186 243 1683 1926 
EXHIBIT B 
AMERICAN SOCIETY FOR QUALITY CONTROL, INC. 
Balance Sheet — June 30, 1947 
Assets $3,719.50 
NEE ccnanusiacmennien $3,085.25 
Accounts Receivable 538.25 
Sales of back issues ... $163.25 
Library Subscriptions 45.00 
Advertising - 330.00 
Back Issues and Reprints 1.00 
Stationery on hand .. | 95.00 
Liabilities $2,016.18 
Publication of Year Book (estimated cost $1,000.00 
Unpaid Advertising Commissions 175.00 
Unpaid Secretarial Services 86.94 
Unpaid Withholding Tax . 25.50 
Unpaid Office Expenses 11.29 
Portion of Membership Dues Refundable to Local Sections 8.00 
Membership Dues Paid in Advance . 486.50 
Unearned Portion of Library Subscriptions 222.95 
Net Worth $1,703.32 
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EXHIBIT C 


AMERICAN SOCIETY FOR QUALITY CONTROL, INC. 
Statement of Receipts and Disbursements 


Receipts: 


2/16/46 — $/30/47 





ORIN GEDIID. . cnccccecssacconnsennssiniccsennninsnqnonenequsnnseqsnssesetpetseennasboeienenseonanenneees $5,751.00 
IParn OIIIIIIIL «-se saccaeeesienhet Gntsnantatianenaniosiepeiesabscahehesennionnpniandindia 1,821.43 
SITTIN (0s TEE. Tics cecinnedcqnpebbbosedsanscsnenednsnstsiebnnncnbonteeshsdsntashhasdnipniaabidameanennsatnen 1,444.91 
SeITIIED SIIINTIININTIINIOID s.. cscanssncssntpscisocnresnsnbebeneninisbvansonssnanneseonssebeisebateenseesesautes 1,332.27 
SSCL ica kadai sive alent ened MU cena 1,291.62 
RY SNOTINUEINDD, Th GED, Sy, . consscccssnrceuscenessesessnsnccsanssccnssensnstcsnnessenesinenoassnennnns 986.82 
TTUITIIIIIIIIIIIININL sintsncasessinaitinetemnsdebebeabbbnetinbiesensbendipenbanbaasnanibabebhiahibgenieeaneeionmbhbes 78.50 
Society Credits siiciaindeniat anndbleiaabsdlddamnnidiieiagiaiiaiabaandaaiabesatanietebinndaied 38.00 
Membership Dues—Library Subscriptions, ‘47-'48 oo.......cccccccccccecceeeeeeeeeeeeeeeeees 486.50 
Total Receipts $13,231.05 
ee IS Oe I Gy CIIIODY hnincaisecscecnenisinnasinandsicncsenintaieeeeniineen 433.00 
Net Receipts $12,798.05 
Disbursements: 
Magazine: 
III, III RIOT 0. satan beasegaaednendaaseanagscibiehbedusnenieninll $4,869.94 
UII <secuushisibdinsishiunbteeddatnnebsdasotasdebbngeiaeinnehinsemennendianeeebevequneiseeiiabaibadsbeiabidies 625.45 
TIIIIITIEID . :0séadnsdbsntisnniumninniisesatesbesscabbcdienniseenneheinsenessodatiansvenmiuemnpnnusseebentaninabenniaits 494.55 
ts CED, TIT IED = sncctesccnccencconcsenscenmsesenenssessesoiasepsededensbesiineneses 404.67 
II IIL ccicdcinsnebisnedebekeadnennacsnneveduuedunsooninantoeinebabebimebidésameaneded 106.50 
CECA POMEL EE ETN TAPE OES REE 105.62 
GPU TNIIIIIND cocsnssncreccsesesennsesensnsisnennbeninevansesecsescenssdenennbebeobeseenbeiiaabieneeseensin 87.59 
PTI TARIIEEE .dncccsnnasddenmntessscnetnsindbsiesbunnbieennnsinnnennsenieéanbiennendiehatteiiennemieenbeenenmbnies 81.96 
PREIS. TIED ccceccccesccsscnnessrecesscssevsiecccncsennsciconsscensesnensesnsonneenonsneonenninetonnes 47.78 
Total $6,824.06 
Executive Secretary: 
RE LE Le TR ST Ee RC eT TT OE TTD $1,161.76 
nn On OIE ss so sseaslhsipgumesbeenbnuenbensunsennniennebebhipnnenstionl 561.03 
I IY SIE EIEIO. cs uastisninnltcheesaieeesesmnestinesthaninbensiananmnssiienenbaaeaduebiniatt 391.27 
Postage Silishaincesisda iddiasdbabeieiikebiesedeasaciaidtptekuiaiiadidsh did deaabaniamaanidadicainntabdeabanaimaaien 235.00 
GPE SIUIIUIIND: cnssicncdcnsscnenscncnvecensystnensnsdencesnnnebeenssecmenisancuseieersbeeiovedsuinssesoniuens 72.10 
IIIT lsh hat et ci ictal oda dseensebabetaieeaaRaaldNaahdistietiddicetainsabach dadephidaieaeiiai 10.98 
Total $2,432.14 
President: 
Postage iinet aa $ 165.77 
SORT: GERI. cecereccsicccsnstesscsnnscscnnccenissensesescnntanneneidcetseetnennnensenne 42.95 
SII SII SII sac oc cecekcanteeenibninensiamniocabegbbannaianiicesiseanenbeaesdsiaiinin 35.30 
Stenographer 25.00 
I TTIITITIITITIIIIIS soca nceeiatiasininnleli seid eabsaeesh sobeuaaaseinbansbunebbnnbeabaasensesneieannase 21.70 
Total $ 290.72 
Treasurer: 
I a a le aa a ae $ 61.90 
I a a a 34.00 
ERATE nee nan ee eee ee Ey ee ee Fae RD AP TEE EC 12.50 
PUIITEIIIIIED sciigccbiiddnnnniachnnpipunsetieninssnanbsimahiinbidlahiabiernsbidsdbnkbeussiciasniabennabtianndes 10.00 
IUEIEE TEENIE ‘Snicnsnictendiaensncnendnnannbnansnapimuiidensetebnabianabinedepemendenenndaplanisenineenpiniitn 9.73 
Stenographer 7.50 
SEED. | siiubnsiiccnsniseatunetnseniaiiancebinbanensgniedanbeendenneubbadabunnnceseneieanatsipeuehenentis 3.00 
Total $ 138.63 
Sections and Committees 
TS sscesioichnihscivescespuapessteusistnniicah hipaa tas ie iain ie $ 25.75 
PIII donsisishedesticniouehbassastansensebapiekensigusicasebhiniabaindisiamaeinhadsabaasnasababesianiiiaauiedats 1.50 
Total $ 27.25 
Total Disbursements $9,712.80 
Balance on Hand $3,085.25 
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watt ries 


AMERICAN SOCIETY NEWS 


RE-ENROLLMENT OF 1946-47 
MEMBERS FOR 1947-48 


Attention of Section officers is 
called to the fact that their mem- 
bers have encouraged the Amer- 
ican Society in the undertaking of 
continuing operational expense, 
and that American Society dues 
are the only source from which this 
expense can be met. While the 
Society has accumulated a small 
amount of working capital during 
its first year, this is insufficient to 
carry it through any large propor- 
tion of the new year. It must hence 
look to prompt dues renewals to 
enable it to continue operations. 


Under Section 23. b. of the new 
Constitution, it is the duty of each 
Section of the Society, promptly 
after 1 July, to render to each of its 
members affiliated with the Amer- 
ican Society a bill covering Amer- 
ican Society dues for the ensuing 
year. Under Section 23. ¢. of the 
Constitution, it is the duty of each 
Section of the Society to transmit 
to the Executive Secretary, on or 
about the first of each calendar 
month, the aggregate amount re- 
ceived by that Section during the 
preceding month for dues in the 
American Society. 


While a substantial number of 
new members have been enrolled 
for 1947-48, the officers of the 
American Society have been some- 
what disturbed by the slowness 
with which some of the Sections are 
re-enrolling their old members in 
the American Society for 1947-48 
As of 15 August, only 10 of the 25 
Sections had re-enrolled any of 
their 1946-47 members for 1947- 
48. Of the 10 Sections mentioned, 
Buffalo stood first with 58 re-en- 
rollments (51% of its 1946-47 en- 
rollment). The Ohio Section stood 
second with 25 re-enrollments (28% 


of 1946-47), and the lowa Section 
stood third with 23 re-enrollments 
(also 28% of 1946-47). Five of the 
10 Sections, however, had re-en- 
rolled only one member each. 

It is recognized that the Summer 
season is not a particularly effec- 
tive time to attempt re-enrollments, 
but is hoped that with the advent 
of Fall, it will be possible to record 
a substantially better showing in 
the November issue of the mag- 
azine. 


TRANSFERS TO SENIOR 
MEMBERSHIP 


The Senior Member grade in the 
American Society is intended for all 
those members who are 24 years 
of age or more and who have been 
practicing or teaching quality con- 
trol or inspection for two years or 
more. Corporate members paying 
Senior Member dues carry their full 
share of the cost of maintaining 
and operating the Society. They 
hence constitute the back-bone of 
its strength, because any organiza- 
tion which is weak financially is 
weak in every way. The vast ma 
jority of the present corporate 
membership of the Society is elig 
ible to the Senior Member grade. 

The Member grade in the Society 
is intended for those younger mem 
bers who are just getting started in 
quality control or inspection work, 
and for whom the higher Senior 
Member dues would constitute a 
hardship. While members paying 
Member grade dues do not carry 
their full share of the financial 
burden, the Society carries them as 
its investment in the profession 
and because it looks upon them 
as potential Senior Members who 
will later be able to undertake their 
full share of the burden 


With adoption of the new Con- 


stitution, all corporate members of 
the Society were automatically en- 
rolled in the Member grade, and 
their transfer to the Senior Member 
grade requires affirmative action 
individually on their part. During 
the earlier years of operation of 
the so-called “escalator clause” 
(Section 4. d.) of the Constitution, 
however, the formalities involved 
in such transfers are largely being 
waived and eligible Members may 
accomplish transfer by merely 
paying the higher dues involved 
Corporate members who have al 
ready paid Member grade dues for 
1947-48 may accomplish transfer 
by merely paying the difference in 
dues either to their Section secre 
tary or to the Executive Secretary 
of the American Society 

It is hoped that all eligible Mem 
bers financially able to do so will 
recognize their responsibility for 
carrying their fair share of the cost 
of operating the Society, and will 
effect their transfer to Senior Mem 
bership promptly. 

While an important number of 
such transfers have already been 
effected, their incidence has been 
extremely “spotty” Sectionwise. As 
of 15 August, only five of the So 
ciety’s 25 Sections had any Senior 
Members whatever, and three of 
these had only one Senior Member 
each. It is perhaps noteworthy in 
this connection, that three of the 
four “At Large” renewals received 
up to that date were for the Senior 
Member grade 

On the more favorable side of 
the picture, the officers of the lowa 
and Ohio Sections already 
carried out a carefully planned ef 
fort to secure membership renew 
als, and to effect as large a num 
ber of transfers as possible in the 
The results of this work 


have 


process 
up to 15 August were as follows 








USE BENDER CALCULATOR! 
STREAMLINE YOUR CALCULATIONS! 


Calculate Control Limits for RANGE, AVERAGES, and INDIVIDUALS, all in less than 30 


Solve p chart limits in less than 10 seconds. 


SAVE TIME! 


seconds. 
Only $2.60, including mailing . . . Order one today . . . Satisfaction guaranteed 
Arthur Bender, Jr., Edgewood, Anderson, Indiana | 
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No. Transferred To 
Senior Membership 
22 96% 
22 88% 


Section 
lowa 
Ohio 


The experience of these Sections 
affords ample evidence that real 
planned effort along these lines 
can be fruitful, and that the goals 
aimed at by the American Society 
are readily attainable. 

Officers of all other Sections are 
urged to make plans along similar 
lines and to carry them out as early 
as possible. The officers of the lowa 
and Ohio Sections will be glad to 
advise officers of other Sections, 
upon request, as to the methods 
and procedures which have been 
found most effective along these 
lines 


WAR DEPARTMENT 
CERTIFICATE OF 
APPRECIATION 

TO PRESIDENT EDWARDS 


On 4th September, Lt. Col. Ed- 
ward Gluck, Chief of the New 
York Ordnance District, presented 
to President Edwards the War De- 
partment’s Certificate of Appreci- 
ation “for loyal and outstanding 
assistance to the Ordnance Depart- 
ment during World War Il in the 
application of quality control to 
quantity production.” 

Early in 1942, Mr. Edwards went 
on loan from Bell Telephone Labor- 
atories to the Ordnance Depart- 
ment, where he became Consultant 
to the Secretary of War on Quality 
Control Under his guidance, ac- 
ceptance quality control procedures 
were successfully introduced in 
connection with a very large pro- 
portion of ordnance items. Sub- 
stantial improvements in quality 
and very large savings in man- 
power resulted from this work. In 
late 1943, he undertook work in 
connection with similar application 
of these principles to Signal Corps 
procurement, and by the War's end 
a large proportion of Signal Corps 
purchases was being accepted on 
a quality control basis with cor- 
responding savings. In 1944, he 
was placed in charge of an Army 
Service Forces Headquarters pro- 
gram for training personnel from 
all of the Technical Services of the 
Army in the application of accept- 
ance quality control procedures. 

This new award to Mr. Edwards 
from the Secretary of War follows 
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% Transfers To 
Total Renewals 


an earlier citation made to him by 
Lieutenant General Campbell, Chief 
of Ordnance, in 1944. 


ADVERTISING CONTRACT 
CANCELLED 


At its meeting on 27 June, the 
Executive Committee carefully con- 
sidered all phases of the problem 
involved in securing advertising in 
INDUSTRIAL QUALITY CONTROL. 
At the conclusion of this consider- 
ation, the Committee unanimously 
directed the President to serve im- 
mediate notice of cancellation of 
the contract then in force with the 
Advertising Sales Representatives 
of the magazine. 

This step again places the So- 
ciety, for the present, in the posi- 
tion of accepting advertising direct- 
ly. Members in a position to se- 
cure, or to influence the placing of 
advertising which would appropri- 
ately appear in INDUSTRIAL QUAL- 
ITY CONTROL, are urged to com- 
municate with the Treasurer or to 
refer prospective advertisers to 
him. The usual 15% commission 
will be allowed to Advertising Ag- 
encies, along with a further dis- 
count of 2% for payment within 10 
days. 

Rates and all other information 
with respect to advertising in IN- 
DUSTRIAL QUALITY CONTROL may 
be secured from Alfred L. Davis, 
Treasurer, American Society for 
Quality Control, Inc., c o Rochester 
Institute of Technology, Rochester 
8, N. Y. 


MEMBERSHIP ON THE 
BOARD OF DIRECTORS 


Terms of the Directors represent- 
ing the Sections listed below having 
expired, those Sections have chosen 
new Directors as indicated to rep- 
resent them on the American So- 
ciety Board for the term ending 30 
June, 1949. 

Boston—Warren R. Purcell, Salem, 

Mass. 

California—Wyatt H. Lewis, Ontar- 
io, Cal. 

Delaware—Wayne A. Kirklin, Wil- 
mington, Del. 

Hartford—Stanley G. Johnson, Hart- 
ford, Conn. 

Indiana—Arthur Bender, Jr., Ander- 
son, Ind. 


Olmstead, 


Metropolitan—Paul S. 
Murray Hill, N. J. 

Michigan Herbert 
Wayne, Mich. 

Ohio—Wade R. Weaver, Cleveland, 
Ohio. 

Philadelphia—Irwin S. Hoffer, Phil- 
adelphia, Pa. 

Rochester—Halsey H. Kent, Roches- 
ter, N. Y. 

Southern Connecticut—Elwood €E. 
Folsom, Jr., Bridgeport, Conn. 

Brumbaugh, 


G . Winter, 


Syracuse—Martin A. 
Syracuse, N. Y. 
Western Massachusetts—Joseph J. 

Ferri, Springfield, Mass. 
Directors representing the lilinois, 
lowa and Pittsburgh Sections have 
resigned. New Directors to fill the 
unexpired term ending 30 June, 
1948 have been chosen as follows: 
Ilinois—A. C. Richmond, Chicago, 
il. 
lowa—James M. Ballowe, Skokie, 
Hl. 
The Pittsburgh Section has still to 
choose its Director for the unex- 
pired term ending 30 June, 1948. 


EXECUTIVE COMMITTEE 
1947-1948 


New Regional Directors having 
been duly chosen to succeed all of 
those whose terms have expired 
or who have resigned, the Execu- 
tive Committee for 1947-48 is now 
complete and is constituted as fol- 
lows: 

Chairman: 

George D. Edwards, President. 

Frederick J. Halton, Jr., Vice-Pres- 
ident. 

Secretary: 

Ralph E. Wareham, Executive Sec- 
retary. 


Alfred L. Davis, Treasurer. 

Mason E. Wescott, Chairman, Ed- 
itorial Board. 

Elwood E. Folsom, Jr., Regional Di- 
rector, New England. 

Irwin S. Hoffer, Regional Director, 
Middle Atlantic. 


Alfred J. Winterhalter, Regional 
Director, Northern. 

Wade R. Weaver, Regional Di- 
rector, Central. 

Arthur Bender, Jr., Regional Di- 


rector, Mid-West. 
Wyatt H. Lewis, Regional Director, 
Western. 
The new Executive Committee held 
its first meeting in Endicott, New 
York, on Saturday, 13 September, 
1947. 
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2 McGRAW-HILL TEXTS 
af timely importance 
SAMPLING INSPECTION 


Principles, Procedures, and Tables 
for Single, Double, and Sequential Sampling 
in Acceptance Inspection, and Quality Control 
Based on Percent Defective 


by the STATISTICAL RESEARCH GROUP 
COLUMBIA UNIVERSITY 
Developed under the sponsorship of the 
Office of Scientific Research and Development 
395 pages, 6 x 9. $5.25 


This book is intended as a systematic account of certain of the best current inspection practices, to- 
gether with tables and detailed instructions for carrying out these practices. 


SELECTED TECHNIQUES OF 


STATISTICAL ANALYSIS 


FOR SCIENTIFIC AND INDUSTRIAL RESEARCH 
AND 
PRODUCTION AND MANAGEMENT ENGINEERING 


by the STATISTICAL RESEARCH GROUP 
COLUMBIA UNIVERSITY 


Developed under the sponsorship of the 
Office of Scientific Research and Development 


440 pages, 6 x 9. $6.00 


This book discusses a series of problems which occur frequently in planning, analyzing, or interpreting 
quantitative data, and explains various techniques appropriate to these problems. It explains the 
statistical approach to a problem to expound the theory that can be brought to bear on it, to point 
out the features of the problem that determine the relevance of the theory, to give detailed compu 
tational procedures, and to illustrate the interpretation of the results. 


Send For Copies On Approval 


McGRAW-HILL BOOK COMPANY 


330 WEST 42nd STREET : : : NEW YORK 18, N. Y. 
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Model 1203 — with 12 interchangeable gaging plugs 
hecks all hole sizes from .122”’ to .250’’. (Model 
204 covers the range from .250' 500" .) 





FEDERAL 4g 


Why stick to traditional methods of gaging inside dimensions, 
when an /ndicating Gage gives more accurate results—with 
greater speed and positiveness? 


Federal offers a Dial Indicator Gage exactly suited to checking 
any inside dimension from .122"’ up to 12.665’’. The recess may 
be shallow or deep; the opening offset or even blind. Roundness, 
taper or other eccentricities can be measured throughout the 


total depth 


The reading on the Dial Indicator is immediately visible; the 
exact amount of variation is shown. You know instead of guessing. 


The Federal line comprises many stock models of various types 
for gaging inside dimensions. Federal Engineers have also de 
signed more than 10,000 special gages to meet unusual condi Model 149 Caliper Type wae are adaptable 
tions, including gages to check several dimensions simultaneously arms built to specifications — to many uses; tl 


D..1 fe Aa onvenient and great time-savers 
We invite you to write for illustrated Bulletin No. 77 eae iceiiaaieal 


ameters fro 


> from 3” to 12”, 


MACHINE TOOL SHOW—BOOTH 47—SEPT. 17-2 


@ Dimensional! Dial Indicators and Indi- 


FEDERAL PRODUCTS COR PORATION cating Gages — mechanical, electronic, air, multi- 


dimensional - Automatic Sorting - Dimensional 


1144 EDDY STREET * PROVIDENCE 1, R. I. Machine Control - Combinations of these methods. 





